
at ^onr serviee 


THE time of year has once more come and gone, 
when under different conditions we should have 
had f&e pleasure of meeting our many friends at 
the Annual Meeting and Exhibition of the Science 
Masters* Association. 

Personally, we miss these Exhibitions. We used to enjoy 
them. We bdUeve t(K) that they were of considerable value to both 
sides— to you as teachers and useis of scientific apparatus, and also 
to onrs^ves as designers and suppliers ; and at the present moment 
many readers may be looking back, with us, to that last Meeting at 
Cambridge in January 1939, and at the same time forward ... to 
the next Meeting. 

However, we do not propose to fall into the error of Bunyan*s 
Mr. Pacing-both-ways. The achievements of the future must be 
built on the experiences of the past and the present. At those 
exhibitions it used to be our privilege to introduce * in the flesh ’ 
the new items of apparatus which we had brought out since the 
previous Meeting. We used to give a good deal of thought during 
the year to this^side of our work. Now, however, our activities are 
being taken up in other directions and design and manufacture of 
new teaching apparatus has for the time to give way. 

But *we are not forgetting. When at last the S.M.A. meets 
again in January 194- we shall be there, all being well, more than 
ever at your service, with apparatus which we are confident will 
reveal the accumulated experience of these interval years. 

W. & j. GEORGE LTD 

PROPRIETORS OF 

F. E. BECKER & CO 

LONDON AND BIRMINGHAM 



LOOKING 
BACK . . . 

and forward 


Copi^iete Laboratory Ftmdshers and Manufacturers of Scientific Afiparatm. 




MANY of those who were teaching or 
being taught science in January 1939 
are now in the Forces. Some will be 
in Army Training Classes ; some 
may be in war-time laboratories, 
testing aluminium or T.N.T. Many 
of them will meet an old friend in the 
small diamond with the word ‘ Nivoc ’ 
inside, engraved on a nitrometer or a 
balance. 


THE well-known phrase ‘ out of the frying-pan into the 
Spitfire ’ was delightfully clever ; but what a lot was left 
to the imagination in between I In January 1942 we are 
helping to convert that imagination into a reality. Our 
name or trade mark will be found on apparatus in industrial 
laboratories all over the country. 

W. & J. GEORGE LTD 

PROPRIETORS OF 

F. E. BECKER & CO 

17-29 HATTON WALL LONDON E.C.l 157 GT. CHARLES ST. BIRMINGHAM 3 

Telephone: CHAncery 60(1 (4 lines) Telephone. CENtral 7641 (3 tines) 

Te/egrams : Becl<er, Hatton Wall, London Telegrams . Chemistry, Birmingham 3 


Balances and Weights. 


Pure Chemicals and Analytical Reagents. 





SHOWING THE 
APPARATUS ARRANGED 
FOR THE 

BRAKING EFFECTS OF 
EDDY CURRENTS 


THE STENZL APPARATUS 


SPECIALLY DESIGNED FOR 
ELECTRO-MAGNETIC INDUCTION 
EXPERIMENTS. 

On the complete set of apparatus 
over 250 different experiments 
can be performed with 
striking effects. 


It will operate on either A.C, or D.C. supplies. 
hundreds in use in the 

LEADING SCHOOLS AND COLLEGES* 
Brochure on application, 

REYNOLDS & BRANSON 

LTD. 

LEEDS . 










For all Laboratory needs 

A// communications to be addressed to 

EUREKA. SCIENTIFIC C.lu 

NATAL ROAD ILFORD Tel; ILFORD 1705 



THE HOUSE OF BIOLOGY SUPPLY 


ZOOLOGY. OSTEOLOGY. INSTRUMENTS, MODELS. 
BOTANY, CHEMiCALS, APPARATUS, MICROSCOPY 
AND ALL BIOLOGICAL SUPPLIES 



DOGFISH SKELETON 


T. GERRARD & CO., LTD. 


Preparators and Suppliers to: — 

Universities — Schools — Colleges — Medical Schools — Hospitals 
Museums — Education Authorities — County Councils 

Crown Agents for the Colonies — Colonial and Dominion Governments 
Agents in . S Africa — Australia — N Zealand — Egypt 

LABORATORIES : 

46a & 48, PENTONVILLE ROAD, 
LONDON, N.l 

Telephone & Telegrams: TERminus 1169 
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ICTORY FIRST 


THEN ONCE MORE WE CAN GIVE OUR UNDIVIDED 
ATTENTION TO OUR CUSTOMERS’ REQUIREMENTS 


W. G. PYE & CO., LTD. 


ELECTRrC FURNACE CEMENT 



FUSED ALUMINA CEMENT C. 

We can now supply Fused Alumina Cement “ C ” CEMENT for INSULATING 
and SECURING ELECTRIC HEATING ELEMENTS of nickel chromium alloy 
wound on VITREOSIL furnace linings. The cement has been used regularly 
in our own laboratory and tested outside with satisfactory results. 

If you have been using imported cement you will be pleased to know of a 
home-produced material which can safely be used and does not injure either 
the element or the VITREOSIL. 

THE tHERMAL SYNDICATE LTD 

HEAD OFFICE : WALLSEND, NORTHUMBERLAND. 
LONDON DEPOT: 12-14 OLD PYE STREET, WESTMINSTER, S.W.I. 
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W. WATSON & SONS, LTD. 

Manufacturers of HICROSCOPES for all purposes 


ALLIED APPARATUS 

for every form of Scientific Investigation, 
Manufacturing Control, etc. 

OPTICAL ELEMENTS AND OPTICAL SYSTEMS 


ALL OPTICAL AND SCIENTIFIC INSTRUMENTS. 


TEMPORARY HEAD OFFICE, to which all enquiries should be addressed : 


14, HADLEY GROVE, HIGH BARNET, HERTS. 


Cables; Optics, Barnet.*’ 


Telephone : Barnet 2568. 



“POSTLIP” 

(No. 633 MUl) 

ENGLISH FILTER PAPERS 


Manofmctored in 

ANNUALLY INCREASING QUANTITIES for upwards of 50 years 


White and Grey, Plain, Antique 
Crmkied, and Embossed 

Pure Filtering for 
Laboratory Work and 
in quantities for all indus- 
trial purposes. 



All sizes in Squares, Circles, and 
Fold^ Filters 
Rolls made to order. 

See Report of TESTS macle 
by The National Physical 
Laboratory, a copy of which 
will be sent on application. 


Ask jyoar Laboratory Furnisher for samples of “ Postlip ’* Filter Papers. 


EVANS, ADLARD & Co., Ltd. 

Postlip Mills. 

WINCHCOMBE, CHELTENHAM, ENGLAND 








INSTRUMENTS 


Under dif&cult circumstances we have been doing our best for 
our Educational Institution customers. Even if deliveries some- 
times lagged we have refused no orders for standard instruments 
and have even undertaken some repairs. 

We look forward keenly to a resumption of the service we 
offered to Educational Institutions before war turned our major 
efforts in other directions. 

The deprivations and the lessons of the war have taught us a 
lot. When times are stable agam^ you will find improvements 
even in those instruments you were so satisfied with before. 
There will also be some entirely new designs. 

Obviously^ knowing the State’s requirements^ you are not 
expecting too much from us during this period. So while 
hostilities last^ we ask for your indulgence and the saving up 
of your instrument requirements until we are agam at peace. 
While some of your treasured instruments may have been done 
to death by careless usage during the war^ others will have 
become obsolete and you will be able to start a new period with 
better instruments. 



CROMPTON PARKINSON, LTD. 

ElECTRA HOUSE, VICTORIA EMBANKMENT, LONDON, W.C.2 


Vlll 



MICROSCOPICAL 

PREPARATIONS 

Send for list of new slides, 
Cell division, Mitochondria, 3cc 


Note:— In spite of war 
conditions, we are able 
to provide most essentia! 
requirements for Biology 
Teaching. Orders should 
be sent well in advance. 


MiCROPROJECTOR 


for all pOA^ers including 
- Oil Im. Mag. up to 
X 5000. 

Write for booklet 
giving full information 
on Microprojsction 



LANTERN SLIDES 

Large numbers of Natural History Subjects 
for sale or hire 

Some thousands of Secondhand Slides 
at 4/- doz Summarised lists post free 

STAINS - CHEMICALS - REAGENTS 
DISSECTING INSTRUMENTS 


‘‘MIKROPS ” 
ELECTRIC 
CLINOSTAT 

A recent introduction 
with powerful 
Self- Starting Motor 


MICROSCOPES, 
MICROTOMES, 
COLLECTING 
APPARATUS, 
AQUARIA, &c. 



r L ATT 


Dissected and Injected 
Specimens 

Living and Preserved 
Botanical and Zoological 
Material 

MODELS AND DIAGRAMS 
See Catalogue “D” 


FLATTERS & GARNETT LTD. 

309 Oxford Road, MANCHESTER, 13. 


Telef rami : "Slides, Manchester** 


Est. 1901. 


Telephone : Ard 3533. 
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APPARATUS 

FOR 

CHARLES LAW 

DESIGNED BY 

F, C, LAY, Esc?., M.A. 

DATE OF LIVERPOOL COLLEGE 
NOW HEADMASTER WELLINGBOROUGH GRAMMAR SCHOOL 

This apparatus supplies 
a simple direct method 
for finding the apparent 
Co-efficient of Gas Ex- 
pansion at Constant 
Pressure. 

The air is enclosed by 
concentrated sulphuric 
acid, thus ensuring 
dryness. 

The liquid is easily ad- 
justed and filling is easy 
by inversion. 

Water or a transparent 
oil acts as a bath liquid, 
and a beaker, on which the 
apparatus hangs, solves the 
problem of a transparent 
container. 

Levelling at each tem- 
perature is easy by means 
of the siphon. 

PRICE 14/1 with beaRer ; 11/= without beaRer 

Further particulars can be obtained from the Sole Distributors : 

DICK, SON & LEWIS 

82a MANTLE STREET, WELLINGTON, SOMERSET 




MODEL No. 29. 


Exceptionally heavy and ^gid 
desigO:, coarse adjustment by rack 
and pinion, fine adjustment on both 
sides of limb, adjustable drawtube, 
large stage square, spiral screw 
focussing substage, plane and con- 
cave mirrors, contained in oak cab- 
inet with lock and kev. 



Outfit consisting of; 
Stand in cabinet, 2 eye- 
pieces X 6 and X 10 , §' 
and object glasses, 

Abbe condenser, ins 
diaphragm, triple . ^ 
nosepiece, 

£17 8 O ^ 






Outfit as above 
with addition of 
oil immersion 
object glass, and 
mechanical stage. 

£29 8 6 


Full descriptive price list 
forwarded on application 












R. & J. BECK, Ltd., €9 Mortimer Street, London, W.l 


NEWTON’S 

Optical Projection Apparatus 

for the 

SCHOOL HALL— CLASS ROOM — LABORATORY 

# Epidiascopes 

# Projection Microscopes 

# Project ion Polariscopes 
O Projection Lanterns 

# Science Lanterns 


Owing to Enemy Action, we have a large number of Slides 
slightly damaged by water for sale at low prices. 

WElbTdc' NEWTON & CO. LTD. 

4131 _ Phone 

a lines) Bsubhshed over 200 years London" 

72, WIGMORE STREET, LONDON, W.I 



HARRINGTON BROS., IJ'= 

4 OLIVER’S YARD, 53a CITY ROAD, LONDON, E.C.1 


Telephone . 

Clerkenwell 3807 fa Jjme*). 


Manufactory ; 
CORK. 


Telegrams 

* Siccative, Finsquare, London.*' 


CHEMICALS FOR SCHOOL AND 
COLLEGE LABORATORIES 

TECHNICAL CHEMICALS FOR ALL 
INDUSTRIAL PURPOSES 

PHOTOGRAPHIC CHEMICALS 

PHARMACEUTICAL CHEMICALS 

RADIO - ACTIVE MINERALS AND 
RADIO-ACTIVE SUPPLIES 

PHOSPHORESCENT ZINC SULPHIDE 
FOR ALPHA RAY WORK 

SOLE MAKERS OF 
GLEW'S SCINTILLOSCOPES 


Price List free on Application. 


Inquiries solicited. 




THE ORIGINAL TligT^ 

“BUTCHART” RAPID WEIGHING LEVER BALANCE 

NO WEIGHTS REQUIRED i 

Total height 19 Inches, ^ 

200 grms. graduated in single p^j|||||||j||||l^^ 
grams and ^ ounces ^ 

W/t/i ffxed brass pan, 

4" dtam 48/3 \4-^ 

With removable alumin- ^A; 

ium pan, 6" diam, ... 54/- 

iOOO grms. graduated in five \ 

grams and | ounces : 

With fixed brass pan, 

4Y diam 54/- 

With removable alumin'^ 
ium pan, 6" diam. ... 59/9 

Carriage and packing free. 

SOLE MAKERS * 

W. B. NICOLSON, 166 a BATH STREET, GLASGOW, C.2. 


Laboratory Supplies 


New & Reconditioned 


Ask us to quote for either. 

We can often save by offering used 
apparatus or reconditioning your old 
apparatus at low prices. 

SEND A TRIAL ORDER SEND A TEST jOB 


GLASS BLOWING 


ELECTRICAL 


AND OTHER REPAIRS 


KERNICK & SOIW E<T». CPhone ; 441) 
Moira Terrace, Cardiff. 





GEOMETRICAL MODELS 

PLAIN OR WITH SECTIONS 



Sectional Right Cone 



Models of Interpenetration 

Please ask for Geometrical Lists 1139. 
MAKERS OF 


APPARATUS FOR MECHANICAL 
LABORATORIES. 

PATENT RIBBON ATWOOD MACHINE, 
FLETCHER’S TROLLEY, ETC., ETC. 

G. CUSSONS, LTD. 

The Technical Works, Manchester 

London Office; Thanet House, 231 Strand, W.C.2 
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REGD 


“HYSIL” provides 
the three essentials in 
laboratory glassware — 

maximum thermal 
endurance; mechanical 
strength; resistance 
to attack by chemical 
reagents. 

Stocked by the leading 
Laboratory Furnishers 
throughout the country. 

CHANCE BROTHERS 
AND CO., LIMITED 

GLASS WORKS, 
SMETHWICK, 
Near BIRMINGHAM. 
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WHY WE WANT TO 
PURCHASE SECOND-HAND 
SCIENTIFIC APPARATUS 


We, in common with all other British manufacturers, have been for 
some considerable time almost fully engaged on the production of 
instruments for the Government, and the small balance of apparatus 
produced for civil purposes has to be used to meet the requirements 
of the overseas market. 

This situation has resulted in our 

DEPARTMENT FOR USED AND SHOP- 
SOILED SCIENTIFIC APPARATUS 

having to meet an unprecedented demand 

In addition to the individual requirements of members of the Services, 
many firms engaged on armament production purchase their instru- 
ments for testing and inspection purposes from this stock, also medical 
and educational institutions and the public. 

UJiGENTLY REQUIRED 
EPISCOPES 

and 

EPIDIASCOPES 

also 

MICROSCOPES, OPTICAL EQUIPMENT AND ACCESSORIES, 
TELESCOPES, BALANCES, SURVEYING APPARATUS, SLIDE RULES, 
DRAWING INSTRUMENTS, SPECTROMETERS, REFRACTOMETERS, 
POLARIMETERS, BINOCULARS, MAGNETIC COMPASSES, ETC. 

GOOD CASH PRICES GIVEN 


244 HIGH HOLBORN, LONDON^ W.CJ 

Member Scientific Instrument Manufacturers'" Association of Great Britain 
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BRADY & MARTIN LTD. 

NORTHUMBERLAND ROAD NEWCASTLE upon TYNE 


TEACHING VALENCY 


J. H Wilkinson, Esq , Ph.D , B Sc , Lond , has introduced a new device 
for the above purpose. It consists ot a set of coloured cards bearing the 
chemical symbols of the commoner basic and acidic radicals The cards are 
rectangular, all one inch in width and the length in inches indicates the valency 
There are provided * — 

39 cards long, representing monovalent radicals. 

36 ,, 2'" „ ,, divalent 

10 „ 2 " » tnvalent 

I 5, 4'' ,, ,, tetra valent 

The 86 cards are contained m a specially designed box. 

It should be noted that the cards bear at the top right hand comer the 
weights of the atom or atoms concerned and from this information the mole- 
cular weights of compounds built up by the use of the cards can readily 
be found. The method of procedure is clearly set out in the followdng 
instructions — 


INSTRUCTIONS 

BASIC 10ns are coloured BLUE , ACIDIC 10ns 
are coloured RED. The vertical height of each 
card IS proportional to the VALENCY. The 
\alency of each ion is represented by the num- 
ber of dots (positive 10ns) and the number of dashes 
(negative 10ns) at the top right hand corner of 
the s^nnabol 

Example — To fi7zd the formula for ferric sulphate * — 
On consulting the adjacent list, ferric iron is seen 
to be tri\alent, and the appropriate card will be 
found in the second compartment of the box. 
The sulphate ion is seen to be divalent and its card 
will be found in the lover section of the third 
compartment Remove the appropriate cards from 
their sections and place them along- 
side each other (blue on left, red on 
right) . A correct formula is only ob- 
tained when the blue and red cards 
make a complete rectangle. By trial 
it will be found that this can only be 
accomplished in the example chosen, 
by taking two blue (feme) cards and 
three red (sulphate) cards (See dia- 
gram.) 

The required formula is : — Fe2(S04)3 
The molecular weight can be readily 
calculated from the numbers appear- 
ing at the top right hand comer 
thus : — 

564-564-96 + 964-96 = 400. 


* . ! 
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Bvsic Radicals Val- 

ency 

Aluminium 3 

Ammonium 

Banum 

Calcium 

Chromium 

Copper (Cupric) 

,, (Cuprous) 

Hydrogen 
Iron (Ferrous) 

,, (Feme) 

Lead 

^lagnesium 

Manganese (Manganous 
,, (Manganic) 
Mercury (IMercurouis) 

,, (Ivlercunc) 
Pota&sium 
:5ih er 
Sodium 
Tin (Stannous) 

,, (Stannic) 

Zinc 


Acidic R\dic\is 

Bicarbonate 

Bisulphate 

Bromide 

Carbonate 

Chloride 

Hydroxide 

Iodide 

Nitrate 

Manganate 

Oxide 

Permanganate 

Phosphate 

Sulphate 


It IS believed that this device, of which the copyright is registered by Brady 
& Martin Ltd., will prove a very helpful aid m teaching the principles of 
valency, and it will be seen that the formulae of most of the salts encountered 
by the School Ceirtificate candidate can be built up by the cards provided 
in this outfit. 

For effective working it is recommended that one box be supplied for every 
two students. 


PRICE PER DOZEN BOXES, 30s. net. 
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Write for particulars : — 

ALDIS BROS., LTD., Sarehole Road, Birmingham, 28 

xviii N B. & Co. 



STANDLEY 
BELCHER & MASON 

LIMITED 

CHURCH STREET - - BIRMINGHAM, 3 

Telegrams: “Laboratory, Birmingham, 3 ** Telephones Central 1812 & 1813. 


We beg to thank a!l our friends in the Educational 
world for their continued support, and while we 
shall make every effort to furnfsh supplies to maintain 
fundamental instruction m Science, we must take this 
opportunity of asking for your indulgence if orders 
are not completed or are delayed. 

Certain materials and Chemicals are rationed, being in 
such demand for essential services that it has become 
impossible to fulfil all requests. 

We shall be pleased to advise on receipt 
of enquiries what supplies are available. 


special Agents 

for the sale of 

ALOIS EPIDIASCOPES 
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STUART MODELS, 

CASTINGS 
and MATERIALS 

We regret that our stocks of model products 
have now come to an end. Since we are fully 
engaged on work for the Services, it is impossible 
to replenish them. 

We hope that it will not be long before we 
can again resume this very interesting work. 

STUART TURNER LTD., 

Phone 660 HENLEY - ON - THAMES. 


B.D.H. LABORATORY CHEMICALS 


The produgcion of B.D.H. laboratory chemicals was instituted in 1915 
with the object of insuring the independence of Great Britain in regard 
to supplies of pure chemicals for scientific purposes. 

The B.D.H. laboratory chemical catalogue comprises over 6000 items 
and includes materials of suitable quality for school use, such as 
“ purified ” and selected technical chemicals, organic substances of 
all kinds, indicators, dyes, and volumetric solutions. They may be 
ordered direct, or through the School’s usual suppliers. 

The Science Master will also find the catalogue of interest as a very 
comprehensive guide to the wide range of pure chemical substances 
of British manufacture which are available for analysis and research. 
A copy of the catalogue will be supplied on request. 

THE BRITISH DRUG HOUSES LTD. 

GRAHAM STREET LONDON N.J 
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Simplifies Teaching 
. . . Facilitates Learning J 







Write for 
descr iptive 
booklets 
EA and CA. 
Post free 
on request. 


l/te 


ROSS 


EPIDIASCOPE 

Now, you have a choice of two models. The 
“Standard,’* which incorporates so many exclusive 
features and which is already established as pre- 
eminent for mechanical and optical efficiency, 
is still the accepted best for general use. The 
“ Classroom,** a smaller model at a much lower 
price, will have a wade appeal because of its economy 
and convenience, in construction and operation 
sgaBBt it IS a worthy companion to 

the world-famous larger model, 

ROSS LTD. 

Classroom 

North Side, Clapham Common, 
bsfev London, S.W.4 


ROYAL WORCESTER AND SILLAX 
LABORATORY FORCE LAI N 


The manufacture of the highest grade of Laboratory Porcelain is 
being continued at the Worcester factory and the greatest possible 
effort is being made to supply the whole needs of the British Empire. 

We have added a range of Micro Apparatus to our production 
and are carrying out research with the object of producing new 
lines previously obtained from abroad. Supplies of Porous Filter 
Crucibles will be available shortly. 

If any readers have problems regarding Laboratory Porcelain will 
they please communicate with 

NORMAN SHELDON, A.R.C.S. (Lond.), A.I.C. 

19, Charing Cross Road, 

London, W.C.2. 
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Science /fl^asters’ Hssociation 


ADDRESSES FOR CORRESPONDENCE 

SUBSCRIPTIONS (lo due in advance on October ist), to 

INIr. A. W. Wellings, zy Acacia Road, Leamington Spa, Warwick- 
shire. 

PROPOSAL FORMS FOR NEW MEMBERS, CHANGES OF 
ADDRESS and /dr change of school to 
Mr. F. Fairbrother, The Cedars School, Leighton Buzzard. 

ORDERS FOR PUBLICATIONS (e.g. Book List, Modern Science 

IMemoirs) to 

IXIr. R. H. Dyball, High Beeches, East Kennet, Marlborough, Wilts. 

SCHOOL SCIENCE REMEW (matter for publication) to 

Air. G. H. J. Adlam, O.B.E., City of London School, c/o Alarl- 
borough College, Wilts 

(non-receipt of copies) to 

Airs. Farquharson, Air. John Alurray, 50 Albemarle Street, London, 

W.i. 

(Advertisement Section) to 

Air. Bernard AI. Neville, Church House, Leighton Buzzard, Beds. 
ANNUAL AIEETING to 

Air. W. Ashhurst, Trevone, Kenilworth Grove, Audenshaw, nr. 
Alanchester. 

ALL OTHER COAIAIUNICiATIONS to The General Secretary, 
Mr. H. P. Ramage, Pentire Hotel, Newquay, Cornwall. 

Note. Failure to send change of address causes much trouble in keeping 
up the alphabetical list and loss of copies of the S.S.R. Members whose 
magazines are lost owing to this omission are required to pay is. 6 d. if 
they want a duplicate copy. 
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A LIST OF BOOKS 
SUITABLE FOR A 
SCHOOL SCIENCE LIBRARY 


The SAI.A. Book List, which had become out of date, was 
suspended in 1938, and steps were taken to compile a new one. 
This new list was published m Januar\% 1940. It is an 88-page 
booklet of the same size as the School Scienxe Review, bound 
in limp cloth, containing over 900 entries, each one mdividualiy 
recommended as suitable. 

The entries are classified under appropriate subheadings in the 
following main groups : — 

History and Principles of Science 

Books for the General Reader 

Astronomy 

Biology 

Chemistry 

Geology 

Meteorology 

Physics 

Applied Science 

and there are four appendices dealing with 
Pamphlets and Monographs 
Useful books now out of print 
Periodicals, and 
Laboratories. 

In many cases an entry is accompanied by a note gr^ing some 
information which, while not apparent from the title, is likely to 
be of value to the reader. 

Copies of the list may be obtained from The Librarian, R. H. 
Dyball, Esq., City of London School, c/o Marlborough College, 
Marlborough. Price is. 2d. post free. 


ADDITIONS 

Members are invited to make recommendations of books which, 
in their opinion, would add to the value of this list. 

Suggestions should be addressed to The Editor, School Science 
Review, City of London School, c/o Marlborough College, Wilts. 

In each case the exact title should be followed by author’s name 
and initials, publisher and price, and a note added if the book is 
specially suitable for juniors. Other comment, if any, should not 
be matters of opinion, but statements of fact not apparent from the 
title. 


XXllI 





THE 


BIOLOGICAL SUPPLY AGENCY 

CFORMERLY THE BOTANICAL SUPPLY *AGENCY) 


LIVING AND PRESERVED 

BOTANICAL AND ZOOLOGICAL 
SPECIMENS 
SEEDS and SOILS 

Fresh Water and Marine Aquaria Specimens 

Micro -Slides and Micro- Accessories 

CATALOGUES ON APPLICATION TO THE DIRECTORS 


RHYDYFELIN, ABERYSTWYTH. 


REPORTS ON PROGRESS IN PHYSICS 

VOLUVIE Vn (1940) 

A comprehensu e ieMe\^ by qualified physicists under the general editorship of 
J H AWBERY*, BA, B Sc 

362 pages. Illustrated. 22s. 6d. post free. Bound in cloth. 

(Present price to S.M.A. members, by order form supplied, 12/6 post free). 

This volume includes articles on , 

SOUND MUSICAL ACOUSTICS SURFACE TENSION 

EQUATIONS OF STATE 

S03VIE INTERACTIONS OF GASES WITH CRYSTALLINE SOLIDS 
VISCOSITY OF SUBSTANCES OF HIGH MOLECULAR WEIGHT 
ELECTRICAL DISCHARGES IN GASES AND THEIR APPLICATIONS 
ELECTRON MICROSCOPES OF HIGH MAGNIFICATION 
NEW" LENS SYSTEMS 

PHOTO-ELECTRIC SPECTROPHOTOMETRY AND ITS USE IN INDUSTRY 
INFRA-RED SPECTRA OF POLYATOMIC MOLECULES 
SOLAR PHYSICS 

ABSORPTION OF LIGHT IN INTERSTELLAR SPACE 
GAMMA RADIATIONS EMITTED IN NUCLEAR PROCESSES 
THE BOHR THEORY OF NUCLEAR REACTIONS 
TEACHING OF EXPERIIMENTAL PHYSICS IN BRITISH UNIVERSITIES 

Volumes III (1936), V (193S) and VI (1939) are still available at 12/6 each, 
post free, to S.M A members Volume VIII (1941 j will be i*eady shortly. 

Orders, with remittances, should he sent to 

THE PHYSICALSOCIETY, 1 Lowther Gardens, Exhibition Rd., London, S.W.7 
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THE SCIENCE MASTERS’ ASSOCIATION 

President. G. H J Adlam, Es; , OBE 
Committee : 

Chairman G. Fowlhs, Lat^v'^mer Upper SchooL 

Secretaries * H. P. Ramage, Gresham’s School, Holt, XotT< 'General; 

W. Ashhurst, Stretford Grammar School (Annual 
Meeting). 

F. Fairbrother, Cedars School, Leighton Buzzard 
(Membership) 

Treasurer : A. \V. Wellings, 27 Acacia Road, Leamington Spa. 

Other Members : 

R. P. Ayres, Leys School, Cambridge. 

P. C. Chapman, Charterhouse. 

J, W. Cottingham, Holgate Grammar School. 

R, H. Dybael, City of London School 

L. F. Ennever, County High School, Braintree. 

C. J. M. Fletcher, Eton. 

A. E. E. McKenzie, Repton School. 

B. M. Neville, William EUis School, London 
S R. Pollard, Aldenham School. 

E J. Williams, Royal Grammar School, Xewcastle-on-TAme. 
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PRACTICAL CHEMISTRY IN DIFFICULT TIMES 


By G H locket 
Harrozi School 

There had been a good deal of speculation, for some years before the 
war, on the extent to which micro ” methods and, also, simplified 
and makeshift apparatus should be encouraged, considering that most 
schools were then adequately provided But, although organic 
chemistr\" has received a good deal of attention in this respect, largely 
no doubt on account of the importance of the micro-technique in 
organic chemistry generally (see, incidentally, an article by R. J Kerr- 
Muir, S.S.R., XXII, 87 (1941), 268), much less has been heard about 
the possibilities as regards elementary work in inorganic chemistry. 
It was hoped that a discussion might be held and demonstrations made, 
but such a meeting would not be representative, or indeed possible, at 
present. However, since the matter now takes on a new importance, 
it seems worth while to begin to consider some possibilities. 

Incidentally, it is obvious that here is an opportunity for recapturing 
a source of interest and drive, which in recent years has beeji disappear- 
ing from chemistry teaching. Simplified apparatus and the makeshift 
type of experiment can have very real educational value, and it seems 
by no means fantastic to suggest that, by designing apparatus from 
“ salvage and showing that with such things there is little that cannot 
be done, ingenuity of the right kind can be stimulated, which will be 
of lasting and, perhaps, incalculable value. One need only instance 
the development of micro-technique in organic analysis, with its 
astounding achievements, from the work of Pregl during and after the 
last war. Even if there is not time for each boy to make his own 
apparatus, the possibilities of fresh design can be shown. The extent 
to which this aspect of the question is followed up must depend largely 
on the nature of the requirements demanded *of the school training ; 
in some schools, it has always been prominent, quite apart from the 
present situation. 

There is also the urgent question of economy and of carrying on in 
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difficult or well nigh desperate conditions. But this aspect of the 
matter is so obvious that there is no need to enlarge upon it. 

In order to make clear the points so far mentioned, a selection of 
actual examples will now be givenT They do not go beyond the 
requirements of, roughly, the School Certificate stage, and some are 
selected as rather extreme examples. 

It will probably be best to consider them under two headings. 
First, the production of makeshift apparatus, either to meet a real 
emergency, such as hurried evacuation to quarters not fitted up, or for 
the use of isolated workers wanting to carry out experiments at home. 
Secondly, there are the modifications of procedure necessitated by 
shortage of material.- Finally, an index of those Chemistry Notes from 
the S,S,R which appear relevant is appended. 

Examples of Makeshift Apparatus 

(i) The Balance, Contrary to what is generally supposed, a balance 
weighing to o-oi gm. is quite easy to make. Mine cost (pre-war) 
and was constructed in about an hour as follows. A cantilever beam 
was made from -th-in. glass rod (see Fig. i). The knife-edges are 
parts of safety-razor blades fixed m position with a cement made by 
adding plaster of Pans to melted resin until a paste is obtained. The 
pointer, a glass rod drawn out, is fixed with the central knife-edge and 
carries a piece of pressure tubing, which slides up and down to adjust 
sensitivity. A card attached to the stand carries a graduated scale. 
The stirrups are of drawn-out rod and from these hang wire hooks, to 
which pans (watch-glasses) are suspended by threads fixed on with 
the same cement. The central knife-edge rests on a support of |-m. 
glass rod, which is carried by a wooden stand, the pans resting on corks 
when not m use. The sensitivity is actually greater than o*oi gm. 
with 15— 20-gm. load. The balance was made to show to some boys 
who wanted one for work at home ; it has been used for quantitative 

^ No particular claim for originality is made, although each one has been 
thought out independently, and all have been used at one time or another in 
actual teaching (in one case, the preparation of oxygen, to show some boys 
what could be done about it in a home laboratory) 

^ In this connection there arises the extreme case of the use of drop reactions 
on slides. While this method is very valuable in its place (see N. F Newbury, 
The Teaching of Chemistry^ i934j P- 118), it is best dealt with, m my opinion, 
as a special subject and, in the early stages of training at all events, has obvious 
drawbacks for teaching purposes It will therefore not be dealt with here. 
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determinations and found to work well, though of course it could be 
improved upon greatly with a little skill. A more robust design in 
aluminium sheet is described by R. D. East (S.S.R., XVIII, 69 
(1936), 132). 



(2) Emergency Methods of Heating . — The laboratory furnishers have 
been showing some excellent burners of the alcohol, paraffin and 
petrol-vapour type, which are almost complete substitutes for gas, 
except (as far as I know) for use with a blow-pipe. Wick stoves are 
quite good for evaporating, distilling water, etc. If “ micro ” methods 
are m use a small flame, such as that produced by a spirit lamp, is 
adequate, and even a candle-flame is quite hot enough for many 
purposes. I recently found a boy sealing off a piece of glass tubing 
with a candle flame, using a mouth blow-pipe. If the blow-pipe is 
supported on a block at the right height, both hands are left free and 
the method is surprisingly efficient. An obvious development from 
this IS the use of a wick lamp and blow-pipe as used by Post Office 
linesmen For a furnace, to illustrate lime-burning, for instance, or 
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for firing clay, a coke stove made from an old bucket is usually adequate, 
or, if a heating-furnace is employed in the building, much may be 
done with that. 

An inverted tin, with holes pierced in the bottom, for use in heating, 
is so satisfactory that I have taken to using it, entirely on its own merits, 
for evaporating. With such a shield, only a tiny flame is needed, and 
substitute burners, e.g., a small paraffin lamp or candle, or even melted 
wax in a tin with a string wick, could always be used in an emergency, 
and they all work perfectly well. 

(3) Crucibles. It is quite surprising what crucibles made from 
London clay will stand up to. I have not tried them for quantitative 
work, but if dried slowly and well fired they are most useful and their 
making provides some valuable lessons. 

(4) Evaporating Basins. My colleague, Mr. W. H. Barrett, has 
shown that very serviceable glass basins can be made from burnt-out 
electric light bulbs. A small flame is first directed near the base of 
the bulb, whereupon a hole is blown inwards as the glass softens. A 
mark is then made round the widest part of the bulb with a glass-cutter 
or file and a crack made with an electrically heated nichrome wire. 
Ordinary cracking with a hot bead is often successful, but not always. 
Beaker-flasks can be made by cracking off higher up. The central 
glass support for the filament will always fuse on these vessels to form 
a handle. 

Retort Stands would be difficult to replace, but supports made by 
attaching spring American clothes-pegs to suitable wooden uprights 
have certain merits and have found many uses (e.g., to carry a micro- 
retort). The fixed position of the clamp is often an advantage. 

Volumetric Apparatus, particularly burettes of the rubber pinch-cock 
type, are easily made from glass tubing and calibrated against existing 
burettes or by weight. Scales can be drawn in Indian ink and attached 
with a suitable paper varnish. 

Examples of Small-scale Experiments and Preparations 

(i) The Preparation of a Gas {Oxygen). The simplification is 
extreme in this example, which is chosen purposely to show what can 
be done with a minimum of supplies. A piece of scrap tubing was 
sealed at one end and charged with two potassium chlorate tablets 
(such as are sold for sore throats), powdered and mixed with a little 
manganese dioxide. This tube was joined to a delivery tube through 
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a bored cork (glue will make a poor quality cork air-tight). On heating 
with a candle-flame, six test-tubes full of oxygen were obtained (collected 
over water). Deflagrating spoons were made by hammering the ends 
of short pieces of thick iron wire and inserting these into corks. The 
elements sulphur, phosphorus, carbon and magnesium were burnt in 
the gas and the reactions of their oxides with litmus shown. The other 
tubes were used for showing the ignition of a glowing splint and the 
effect of carbon dioxide on lime-water. The examination of the 
properties of gases on a small scale is almost always easy, and an 
excellent arrangement for collecting over water has been described by 
F. W. Hunt {S.S.R., XIX, 76 (1938), 592). For the preparation of 



gases by individual boys we have recently made the apparatus in Fig. 2 
standard ; it can be used in most cases with immense saving of material. 

(2) The Preparation of Salts, either by neutralization or by the 
action of acids on oxides, are, of course, easily carried out in test-tubes. 
This applies particularly to ferrous sulphate, where oxidation is 
prevented. 

(3) Quantitative Work is always important and the standard methods 
lend themselves to all sorts of modifications. To take one simple 
example — ^the estimation of the weight of carbon dioxide evolved by 
the action of acid on a carbonate. I usually employ the following 
method, entirely on its own merits. The experiment is carried out 
easily in a forty-minute period, leaving time for the calculations. A 
boiling-tube suspended vyith a wire and a quarter filled with acid is 
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weighed, together with a small tube, which is filled with the carbonate 
and the whole weighed again, thus giving the weight of the carbonate. 
The small tube is now dropped into the acid which, when all action is 
over, is raised /wif to boiling. The tube is then cooled under the tap 
and weighed again. The results obtained by boys are as good as those 

which they get by any other method weighing 
to 0-0 1 gm. 

(4) Demonstration of a Technical Process 
(Alkali and Chlorine Manufacture). Take a 
small (“ No. 8 ”) disused dry cell and pull 
out the carbon. Seal a piece of copper wire 
into a piece of glass tubing, drawn out at one 
end, with some of the pitch from the top of 
the cell. Bind the carbon to the glass tube 
with another wire, at the same time making 
contact between this wire and the carbon. 
The cell is a in. x -g-m. specimen-tube, 
at the bottom of which is a globule of mer- 
PiG_ 3 cury forming the cathode, while the elec- 

trolyte IS saturated brine (Fig. 3). Four volts 
from a battery are sufficient for electrolysis, during which chlorine 
can be smelled and made to bleach litmus paper. After 5-10 minutes 
the brine can be washed out with clean water, whereupon hydrogen 
in minute bubbles is seen to stream from the mercury amalgam, while 
the water becomes alkaline and “ feels soapy.” 

A 

CO2' 


(5) To Show the Adsorptive Power of Charcoal. Take six match- 
sticks and heat them in a tin or covered crucible to dull redness until 
fumes stop ' coming off. Cool and powder. Put a very small crystal 
of lead nitrate into a narrow dry test-tube and heat to fill the tube with 
nitrogen dioxide. Cover the mouth of the tube with the thumb or cork 
up, and cool. Add the powdered charcoal and shake up. The colour 
ts discharged. 
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(6) Allotropy (the two forms of Phosphorus), As a source of red 
phosphorus, two dozen safety match-boxes will suffice. The striking 
surfaces are cut off and warmed in water, acidified with a little hydro- 
chloric acid. The wood and paper are fished out and 
the residue washed by decantation and then transferred 
to a filter and dried. The powder (red phosphorus, anti- 
mony sulphide and powdered glass) is now placed in a 
tube as shown (Fig. 4). Carbon dioxide is passed in 
slowly and the water in B is kept hot. The mixture is 
now heated and the phosphorus vapour is condensed to 
the yellow variety which collects under the water in 
brownish beads. It is left with chromic acid over-night, 
when a white wax-like bead is left which is easily sucked 
into a tube, drawn out to a capillary, with water and 
preserved. 

(7) Preparation of Phospho? us Trichloride Bypassing 
chlorine over a little yellow phosphorus in the same type 
of tube and fitting a suitable receiver, phosphorus tri- 
chloride IS easily made (S.S,R,, XIX, 75 (1938), 447). 

(8) Preparation of Nitric Acid is easily carried out on a micro scale, 
using a retort made by blowing a good bulb on a piece of ordinary 
J-in. tubing. The sulphuric acid is introduced with the aid of a funnel 
made from drawn-out tubing (Fig. 5). This apparatus is also used for 
purifying phosphorus trichloride 

SSR, NOTES 

[5 Af B., I and 11 = Science Masters^ Book, ist and znd Series] 

Preparation and Properties of Gases 

A New Sulphuretted Hydrogen Apparatus.’’ A Eslick and S. V. Brown. 

XIV, 55 (1933), 353. 

‘‘ A Home-made Kipp’s Apparatus ” J H H McRae and T. T. Richards. 

XVI, 65 (1935), 137; SMB, II, 131 
‘‘ Automatic Gas Generator for Hydrogen, Carbon Dioxide or Hydrogen 

Sulphide,” XVII, 68 (1936), 618 
“ Kipp’s Apparatus ” J. O Blaksley. XIX, 76 (1938), 591 

Apparatus for Storing Gases ” E J Harris XVI, 63 (1935), 410 
“ Note on the Use of Milk Bottles as Gas Jars.” R. Hitchcock. XVI, 

63 (1935), 414 

“ Class Experiments on the Determination of Carbon Monoxide and Acetylene 

in Coal Gas ” A. E. Bell XVIII, 70 (1936), 285. 

A Device to Enable an Ordinary Burette to be used for Simple Gas Analysis.” 

G. Fowles VI, 21 (1924), 5^ ; SM,B , I, 35^ 
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Simple Apparatus for Gas Analysis/’ XIX, 76 (1938), 594. 

Relative Density of Carbon Dioxide and Hydrogen by Direct Weighing — a 
Demonstration.” W. V. Lloyd. XXI, 84 (1940), 1145. 

Composition of Water and Electrolysis 
Combustion of Hydrogen.” R. G. Reid XVI, 65 (1935), 139. 

Action of Magnesium on Steam.” J. D. Peterkm. XV, 60 (1934), 524* 
‘^Action of Magnesium on Steam” T. A Muir. XVIII, 70 (1936), 283. 
Simple Apparatus for Burning Magnesium m Steam.” E. A. Taylor, 

XXI, 84 (1940), 1143. 

‘‘ Apparatus for Class-work in Electrolysis — School Certificate Standard.” 

F. W. Hunt. XII, 48 (1931), 396 ; SMB., 1 , 22. 

‘‘Electrolysis.” H. C. Palmer XVI, 65 (1935), 141 ; S M.B., II, 174* 

“ Polarity of Mams.” H. C. Palmer. S.M B., II, 244 

Rectifiers 

“ Magnetic Rectifier.” C. P Varnam V, 18 (1923), 103. 

“ Chemical Rectifiers ” G N Pmgriff SMB, II, 175. 

“ Chemical Rectifier for Electrolysis ” W. B, Barker XIV, 55 (1933), 359 
“ Tantalum Rectifier.” W. Bryan Chivers. XVII, 67 (1936), 446. 

Equivalents, Molecular Theory 

“ Percentage Composition by Weight of Carbon Dioxide and the Equivalent 
of Carbon.” W. Barker. VII, 26 (1925), 116 ; S.M B., I, 33 - 
“ Percentage of Oxygen in Copper Oxide.” Allan Adair. XVIII, 70 
f (1936). 2 ^ 3 - 

“ Equivalent Weight of Magnesium.” W. Llowarch. XXI, 84 (1940), 1147. 
“Equivalent Weight of Copper.” R. G. Durrant. S M.B., I, 31. 

“ To Determine the Weight of a Litre of Hydrogen at N.T.P ” W. Barker. 
X, 37 (1928), 64 

“ Volume Cdinposition of Carbon Dioxide (and Other Gases).” F. Fair- 
brother. SMB., I, 54. 

“ A Simplified Victor Meyer Apparatus ” H C. Palmer. XVI, 64 (1935), 
559; S.M.B., II, 182. 

“ Composition by Weight of Reducible Oxides ” D. LI. Hammick. *9 M.B , 

I, 30. 

Physical Chemistry 

“ Influence of Pressure on the Decomposition of Calcium Carbonate.” E. J. 

Sumner, VII, 26 (1925), 117 ; S M.B., I, 127. 

“ Osmosis Experiments.” XII, 47 (1931), 297. 

“ Simple Qualitative Experiment to Show Osmosis.” M M. Haslam. 

XXII, 85 (1940), 87. 

“ Relative Rates of Diffusion of Crystalloids and Colloids.” G H. Locket. 
SMB, II, 168. 

Flame and Combustion 

“ Note on the Products of Combustion of a Candle.” E. J. Sumner. XIV, 
53 (1932), 72. 

“ A Glass Bunsen Burner,” E. J. Hams, XIV, 53 (1932), 77. 
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Sodium Flame Attachment for Use with a Petrol-Gas Burner/^ Rev. B. G. 
Swindells. XIV, 54 (1932), 207. 

“ Experiment to Show the Principle of the Davy Lamp.’' F. Fairbrother. 

XV, 60 (1934), 523; S,MB„ II, 125. 

‘‘ Oxy-ammonia Flame.” D. LI. Hammick. I, 10. 

Inorganic Experiments and Preparations 

‘‘ Note on Oxygen from Nitric Acid.” XIV, 53 (1932), 72. 

The Birkeland and Eyde Process.” R. D. Reid. XIV, 54 (1932), 200. 
Oxidation of Ammonia to Nitric Acid.” D. Nealy. XVI, 63 (1935), 4^^ 
Preparation of Phosphorus Trichloride.” G H. Locket. XIX, 75 (1938), 
447 - 

<fi Preparation of Phosphorus Trichloride on a Small Scale ” R J. Kerr-Muir. 
XXI, 83 (1940), 1007. 

Monoclinic Sulphur.” R R. Finney. XVI, 65 (1935), 139; >S'.M.R , 
II, 144. 

‘‘Transition Point of Rhombic to Monoclmic Sulphur.” R. J. Kerr-Muir. 
XXI, 84 (1940), 1143. 

“ Reactions of Ozone ” L. A Coxon. XIII, 50 (1931), 153 ; iS M B,, I, 49. 
“ Formula of Ozone.” G. H Locket. XXII, 85 (1940), 86. 

“ Iodine from Seaweed.” Audrey H. Heap S M B ^ II, 140. 

“ Experiment to Illustrate the Manufacture of Alkali (Mercury Cathode).” 
G. H. Locket. XXII, 85 (1940), 86 

“ ‘ Spot Tests ’ in Chemical Analysis.” D. B. Briggs. XI, 42 (1929), 120 ; 
SMB., I, loi. 

Apparatus and Materials 

“ Laboratory Devices and Experiments.” II, 7 (1921), 286. 

“ Water Blower.” A. J. Mee. XV, 60 (1934), 524. 

“ An Accurate and Easily Made Balance.” R D. East. XVI II, 69 (1936), 
132. 

“ Note on a Hot Wire Glass-cutter.” IX, 34 (1927), 126 
“ A Simple Thermostat.” T. E. W. Browne. X, 40 (1929), 339 ; SMB,, 
I, 132. 

“ Note on a Use for Broken Pipettes.” XII, 45 (1930), 74. 

“ A Cheap but Efficient Thermostat.” R. W. Rawsthorn. VII, 26 (1925), 
1 18; SM.B., I, 13 1. 

“ ‘ Semi-micro ’ Distillation in Steam ” G. N Copley. XX, 80 (1939), 609. 
“ A Tube-furnace made from a Gas Fire ” L. W White. XIX, 74 (1937), 
286. 

“ Home-made Furnace ” R. S. Jones and T. T. Richards XX, 77 (1938), 
126. 

“ Laboratory Cements and Waxes.” L. Walden. XIX, 74 (1937), 212. 

“ Cements.” A. H. Chapman. SM,B., I, 81. 

“ Apparatus Tray for Storing in Lockers.” W. N. Morley. XIII, 51 (1932), 
258; SM.B , II, 121. 

“ Renewing the Rubbers of Foot-blowers,” I, 1 (1919), 4; SM.B , I, 78. 



WILL-O’-THE-WISP 


By ROBERT E. D. CLARK, M A., PhD 
Bournemouth School 

Though at one time in the centre of scientific interest and discussion, 
will-o’-the-wisps, or as they used to be called ignis fatui (silly lights), 
are now but a memory of the past. So much is this the case that it is 
possible to look up the subject in literally dozens of reference works pub- 
lished during the past thirty years without eliciting a single fragment of 
information Their memory is, however, just kept alive by folklorists 
and by a few text-books on chemistry which, for some unknown reason, 
please to connect them with the spontaneously inflammable but impure 
phosphine obtained by the action of caustic soda on phosphorus. 

The reason for this virtual disappearance of will-o’-the-wisps from 
current thought is chiefly due, no doubt, to two causes. First and 
foremost, there is the draining of the land ; traditionally, will-o’-the- 
wisps appeared as a rare phenomenon in those trackless and extensive 
bogs which for the most part disappeared during the nineteenth century. 
There are scores of records of their appearance in boggy localities 
which are now dry fields and meadows. Secondly, the appearance of 
a mysterious light in a field no longer occasions the interest which it 
once evoked. The story is told that some years ago inexplicable lights 
were often seen in a mountainous region in Canada and that a scientific 
expedition set out to solve the mystery. The lights proved to be 
genuine enough— they were caused by the headlamps of motor-cars 
as they passed a short but steep gradient on a distant road ! After 
such experiences, it is no wonder if current interest in ^vill-o’-the-wisps 
has declined. Yet perhaps it is not too much to hope that it will 
revive once more during the black-outs of the present war ! 

Before the Nineteenth Century 

The early history of will-o’-the-wisps is wrapt in obscurity. A 
fond imagination might see them depicted in the fire-god Gibil of 
ancient Babylonia, who is described as being '' fire of the reeds with 
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pure and brilliant flame.” In the Aliddle Ages they were connected 
with superstitions — ofte^ of the crudest kind — many of which have 
been preserved by the folklorists (see Jackson, Brand, etc.). We read, 
for instance, that the priests once took advantage of the mysterious 
flames by telling the people that they consisted of souls who had 
escaped, for a brief space, from Purgatory to move the people to 
pray for their entire deliverance, by which they gulled them out of 
much money to say Mass for them, every one thinking that it might 
be the Soul of his or her deceased Relations.” According to another 
opinion, the lights were the souls of unbaptized babies — though it is 
not very clear why these should have been luminous ! 

Amongst the first of the scientists to interest themselves in the 
matter was Sir Isaac Newton. Newton believed that the lights were 
due to luminous vapours. Together with other examples, he cited 
them as evidence that light was caused by the commotion of bodies. 
It mattered not, he urged, how such commotion was caused, whether 
by Heat, or Friction or Percussion or Putrefaction or vital Motion,” 
light could always be produced as, for instance, by ‘‘ Sea-water in a 
raging Storm ; quick Silver agitated in vacuuo , the Back of a Cat, 
or Neck of a Horse, obliquely struck or rubbed m a dark place, Wood, 
Flesh and Fish while they putrefy. Vapours arising from putrefied 
Waters usually called Ignis Fatui'" etc. He then adds : “ The Igms 
Fatuus IS a Vapour shining without heat, and is there not the same 
difference betwen this Vapour and Flame, as betwen rotton Wood 
shining without heat and burning Coals of Fire ? ” As shall see, 
Newton’s view of will-o’-the-wisps may account for some though not 
all instances of the phenomenon. 

In the following century, the opinion soon spread that the lights 
were simply due to luminous insects. William Derham (1731), how- 
ever, convinced himself that this was not always the case. He has 
left us with a most entertaining account of how he got near to one 
of the lights and examined it for himself. Seeing one,” he says, 
m a calm dark Night, with gentle Approaches I got up by Degrees 
within two or three yards of it, and viewed it with all the care I possibly 
could. I found it frisking about a dead Thistle growing in the Field, 
until a small portion of the Air (even such as was caused by the 
Approximation of my self) made it skip to another Place, and thence 
to another and another.” The light appeared like a fired vapour ” 
and did not consist of a large number of smaller lights such as would 
have been caused by a group of luminous insects. 
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Derham then proceeds to give a translation of an account of will- 
o’-the-wisps in Italy, written in 1728 by the Italian scientist G. B. 
Beccari 

Accoramg to this, a friend of Beccari was walking along a road 
one dark night when one of these mysterious lights appeared in front 
and travelled with him for more than a mile. It actually threw more 
light upon the road than the torch which had been brought as a light. 
This, however, was no isolated event, Beccari discovered that similar 
lights had been seen again and again in Italy, throughout all the seasons 
of the year. He describes them as breaking sometimes to all Appear- 
ances into two, and a very little while after meeting again into one 
Body, sometimes fleeting like waves, and letting drop some parts like 
Sparks out of a Fire.’' In the mountains, it was related that lights 
no larger than the size of a candle were to be seen, but, in the plains, 
they often appeared of much larger dimensions, and the peasants 
ascribed them to birds “ the Belly and other parts of which,” remarks 
Derham, are resplendent like our shining Flies.” 

A well-known case of ignis fatuus was seen by Thomas Shaw in 
a bog in Palestine. “ In travelling by Night through the Valleys of 
Mount Ephraim,” he writes, “ we were attended for above the Space 
of an Hour, with an ignis fatuus, that displayed itself in a Variety of 
extraordinary Appearances. For it was sometimes globular or like 
the Flame of a Candle ; immediately after it would spread itself, 
and involve our whole Company in its pale inoffensive Light ; then 
at once contract itself and suddenly disappear. But in less than a 
Minute it would again exert itself as at other times, or else, running 
along from one place to another, with a swift progressive Motion, 
would expand itself, at certain Intervals, over more than two or three 
Acres of the adjacent Mountains.” In this case, the weather was 
stormy and Shaw was inclined to the view that the light was electrical 
in origin. In this connection, R. L. Ives has recently published an 
account of some of the extraordinary forms which electrical discharges 
may take. Sometimes trees will appear to be on fire (as in the story 
of Moses and the burning bush, Exodus iii. 2) or human beings will 
become enveloped in light without their being aware of the fact (compare 
Exodus xxxiv. 29). 

Will-o’-the-wisps in Palestine bring to mind a most remarkable 
instance of a possibly similar nature which occurred in ancient times, 
when Julian attempted to rebuild the temple at Jerusalem in order to 
frustrate Christian prophecies. The Jews entered into this work with 
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great enthusiasm and officials pressed it on with zeal. But, according 
to Marcellinus, himself a pagan and a friend of Julian, “ formidable 
globes of fire arose from the foundations ; they frequently exploded 
over the workmen, wounding many of them. Sometimes they made 
the ground unapproachable. Finally this conquering fire, continuing 
to hurl itself with fierceness upon the workmen as if resolved to disperse 
them, compelled them to abandon the undertaking ” (see Warburton). 

Another description of the ignis fatui comes from Peter von Mus- 
schenbrok (1744). “ Now they dilate themselves,” he writes, “ and 

now contract. Now they go on like waves and rain as it were sparks 
of fire, but they burn nothing. . . . Some that have been catched 
were observed to consist of a shining viscous and gelatinous matter, 
like the spawn of frogs, not hot or burning but only shining,” ^ and 
he adds that “it is a mere fiction that such fires are evil spirits, or 
wandering ghosts, misleading travellers out of mere spite, to plunge 
them into ditches and bogs, as some trifling Philosophers have told 
us.” 

From these and other accounts it is clear that what was known as 
the ignis fatuus in the seventeenth century really covered a number 
of distinct phenomena. Only in the following century was any real 
attempt made to distinguish between the true will-o’-the-wisp and 
other kinds of light such as luminous insects and birds or electrical 
discharges. 

Nineteenth Century 

From beginning to end, the nineteenth century was a century of 
controversy so far as will-o’-the-wisps were concerned. Various 
obvious explanations of lights which appeared at night had been put 
forward, and it seemed to many that there could now be no reason 
to postulate a wholly different kind of light which could appear as 
a flame on marshy ground. In short, will-o’-the-wisps served to 
divide those scientists who will accept no fact — however good the 
human testimony in its favour — ^unless they can also find an explanation, 
from those who believe that factual truth is in no way dependent upon 
whether an explanation ® is immediately available. 

^ Often called meteoric mucilage after the peasants’ belief that it consisted 
of meteors which had hit the ground ! (Phipson) 

® An objective study of the past history of science seems to indicate that 
the latter party have proved correct far more often than the former (Clark, 
1940). 
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Taken as they stand, the accounts of first-hand witnesses of 
will-o’-the-wisps could scarcely be better. Rrofessor Bessel (1838) 
described how he had seen numerous little flames spring from water- 
logged soil during a dark drizzling night. The flames were non- 
lummous and resembled burning hydrogen. According to another 
account (published by J. G. Galle, 1851) the phenomenon was once 
common outside Dresden, Here one student saw a flame an inch in 
length appear and disappear a number of times about three inches 
above the muddy bottom of a ditch. It burned for a brief moment 
and then went out, returning repeatedly after about three-second 
intervals. No odour was noticeable. 

One of the most detailed accounts came from Professor Knorr, 
a German professor of physics. He tells us that he saw will-o’-the- 
wisps three times during his life, though the first two occasions were 
during his childhood On the third occasion he was a student at 
Berlin, where he had been studying mathematics and science for two 
years He was near a small country village in Germany in August 
1825, Three bridges passed over boggy land, and while Knorr was 
passing over the third of them he was surprised to see some lights 
near the edge of a forest near by. At first he thought that perhaps 
the peasants were bringing in the cattle, but although there was still 
light enough to see whether people were walking about in the meadows, 
he could see no one. He attempted to go towards one of the lights 
which was nearer than the others, but it proved too dangerous owing 
to the treacherous nature of the bog. Disheartened, he started to go 
on his way when a light suddenly appeared in an accessible position. 
At the side of the road ahead was an embankment on which tall grass 
was growing, followed by rushes, and between the stalks of the rushes 
he could see that one of the lights was shining out. 

‘‘ Bushes, rushes and grass were lit up so brightly by the light 
that for some time I gazed at the lovely picture entranced,” writes 
Knorr But soon he proceeded to investigate. He advanced as far 
as he was able but after he could feel no bottom to the marsh with 
his short stick, he lay down flat and tried to remove the reeds in front 
of him so as to get as good a view of the light as possible. In the 
end, the will-o’ -the- wisp was only about eight inches out of reach, 
but Knorr was not able to see its extreme bottom owing to part of 
a rush which he had been unable to beat away. The visible portion 
of the light appeared as a flame about five inches m height, and between 
an inch and a quarter and an inch and a half m breadth. Its shape 
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was cylindrical. In the centre the colour was yellow, but tow^ards 
the sides and top it appeared bright violet and then disappeared against 
the dark background without showing a sharp outline 

The air was motionless at the time and the flame burfled steadily. 
It moved backwards and forwards a little when Knorr took out his 
handkerchief and waved it vigorously in order to make a draught, but 
he thought it moved much less than a normal flame would have done. 
When he took his stick and passed it rapidly right through the flame 
there was also a little quivering. 

The end of Knorr’s stick was covered wnth a little piece of brass 
and he held this in the wilho’-the-wisp for quarter of an hour, but 
it was not warmed to the slightest degree, showing that there was no 
flame in the ordinary sense of the word. Knorr stirred the mud 
near the light but this also had no effect, showing that bubbles of gas 
arising from the bottom of the marsh could hardly have been the 
cause Moreover, there seems to have been no noticeable odour 
either in this case or with any other will-o’-the-wisps which have 
been seen by others. After trying everything possible, Knorr w^'as 
finally obliged to leave the light. He w^as unable to return to the spot 
the next day. 

Many other instances have been collected by Muller and by 
Fornaschon, both of whom cite many remarkable appearances of the 
light. Fornaschon had himself seen a will-o’-the-wisp. The following 
are a few of the more interesting examples. 

On a dark night in 1842, a cabman lost his w^ay. Aheac^a sparkling 
light appeared “ looking like the appearance of steel when it is beaten 
by a blacksmith ” The party moved towards it to ask the way. But 
the sparks then turned into flames which stood poised in the air — - 
their lower parts about a foot above the level of the ground. They 
were visible for several seconds and rose into the air without noise. 
The ground beneath was wet but not marshy. 

In May, soon after 1850, a remarkable case of will-o’-the-wisps 
was seen by Brackenhoff in Oldenburg. With a guide and four com- 
panions he was passing one night over a moor, a part of which was 
used for getting peat. There had been a violent storm and the guide 
lost his way in the pitch darkness, the party being astray for two 
hours. Suddenly some lights were seen in the distance. Then, 
shortly afterwards, about a dozen lights appeared in their immediate 
neighbourhood. They looked like candle flames poised in the air 
with their tops moving about. One member of the party caught a 
10 
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flame in his hand, but it at once disappeared. There was no noise, 
nor smell, nor apparently heat noticed in connection with the flames. 
Later on the party saw St. Elmo’s fire on the ends of their umbrellas 
but were aBle to recognize no resemblance between the two kinds of 
light. 

A remarkable case was also recorded by C. W. Schultze, who went 
for a trip in a boat on September 2nd, 1882, when he was thirty-five 
years of age. There had been much flooding of the surrounding 
country and the night was intensely dark. All of a sudden little 
flames appeared in the air a few inches above the level of the water. 
They looked like burning matches except that they were larger in size 
and not so luminous. For some time the boat was able to guide itself 
by their light and so avoid striking the flooded banks. Each flame 
lasted for about fifteen seconds and then went out. They only 
appeared at distances from one another of about two to four boat- 
lengths — though we are not told the length of the boat. After a 
heavy shower the lights appeared no more. Schultze goes on to say 
that he could not possibly have been drunk on this occasion as he had 
only been drinking soda water and that in moderation ! Meyer 
believes that both Schultze and Brackenhoff were thoroughly reliable 
observers. 

A few years ago (1937) the writer was informed by Herr Wisnewski 
of Bonn that he had seen will-o’-the-wisps near Hanover thirty 
years previously. Two flames suddenly appeared in the darkness 
and then ^.disappeared after a few seconds. Later, another flame 
followed them. There was much rotting vegetation in the vicinity 
but the flames, which were several inches in height, resembled burning 
petroleum. The air had a pungent odour of carnations at the time. 

From many of these accounts it appears as if spontaneously inflam- 
mable or highly luminous gas could be formed at times as a result of 
bacterial decomposition of the organic matter found in swamps. But, 
although marsh gas is commonly formed and comes to the surface 
when many a muddy pool is stirred with a stick, it has never been 
observed to catch fire of its own accord. 

It appears, however, that there is at least one record of what was 
evidently a spontaneously inflammable gas being formed in nature. 
According to Dressier there was once upon a time a pond near a 
marshy wood near Ldwenburg in Silesia. In the adjoining wood will- 
o’-the-wisps were frequently seen. The pond itself was a cemetery 
for superfluous cats and dogs, while the local butchers added the skins 
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of animals. In the summer time masses of organic matter the size 
of a hand could be seen floating about which had evidently been blown 
up by gases formed as a result of putrefactive changes. ^ On an ex- 
ceedingly hot afternoon, when the sun was shining brightly on the 
water, Dressier noticed that when one of these air bladders exploded 
it ignited with a yellowish blue flame. At first he thought he was 
deceived but, after repeatedly observing the phenomenon, he decided 
that combustion was indeed taking place. The same thing was 
observed during several subsequent summers and on one occasion 
no less than five of these bladders caught fire at the same time. Finally, 
the lake was drained and nothing of the kind was ever seen again. 

Such are a few accounts of the mysterious will-o’-the-wisp and it 
is difficult to believe that they are baseless. The fact that no certain 
explanation of such luminescence or combustion is yet available has 
little to do with its reality. It is not logically possible to adopt the 
attitude of a writer to The Times (November ist, 1862) who, after 
outlining every extant theory of will-o’-the-wisps and showing that 
one and all were unsatisfactory, concludes : “I boldly denounce this 
vagabond as a rank impostor, and I challenge the production of evidence 
in proof of his existence, either past or present ... he never presents 
himself except to a drunken man in boggy ground on a foggy night.” 
(This letter was, of course, followed by several interesting letters in 
which the writers assured the public that they at all events had not 
been drunk when they saw the phenomenon !) 


Explanations 

Explanations of will-o’-the-wisps have been as numerous as they 
are unsatisfactory. Volta suggested that bubbles of marsh gas might 
be fired electrically : “I fire inflammable air by the simple electric 
spark,” he wrote to Priestley in great excitement, “ even when the 
electricity is very moderate, which explains the formation of the ignis 
fatui, provided they consist of inflammable air issuing from marshy 
ground, by the help of the electricity of fogs, and of falling stars, 
which are very probably thought to have electrical origin.” 

According to another view will-o’-the-wisps were caused by the 
mysterious auszoittering (see S.S.R., October, 1937, p. 48), which was 
supposed to exude from mineral veins. The chemist Glauber thought 
that the appearance of a bluish lambent flame on the ground afforded 
indisputable evidence of the presence of mineral veins. 
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The discovery of spontaneously inflammable phosphine was, of 
course, hailed as the long-sought-for explanation. But the absence 
of the characteristic odour of this substance seems to afford a strong 
objection to this view. 

Muller suggests that perhaps the light may be due to an unknown 
Irrlichtbacillus,^ Just possibly this view is correct, though one cannot 
help being reminded of Herr von Bodelschwingh’s theory, according 
to which epilepsy was caused by an infection of Bacillus infernalis in 
the blood— a small organism which possessed two horns and a tail, 
though apparently no cloven hoof ^ 

Another point which may or may not have something to do with 
will-o’-the-wisps is the fact that when a match is brought near certain 
plants (e.g. Dictamnus albus) on a hot still summer’s day, they some- 
times give a small puff of flame due, it would seem, to the evolution 
of an inflammable gas. 

Not only the appearance of the light itself, but the wandering of 
the light has occasioned further explanations. The writer of the 
article Irrbcht in Der Grosse Brockhaus suggests that the wandering is 
due to the physiology of the human eye. At a distance the light is 
very faint and so it disappears like the stars when it is looked at directly. 
It is stated that this has given rise to the idea that the light moves 
about. 

Another explanation is put forward in a popular scientific work 
by E. C. Brewer. In order to explain the alleged fact that the light 
disappear^ when approached and follows behind instead, Brewer 
says ; When we run towards an ignis fatuus we produce a current 
of air, which drives the light forwards. When we run away from 
the ignis fatuus^ we produce a current m the way we run, which attracts 
the light inflammable gas in the same course.” A nice explanation 
indeed ! 


Conclusion 

So troublesome Willie has not yet given up his secret ! It is, 
however, worth making a suggestion as to how he makes his light. 

Many recent biochemical investigations have shown that volatile 
organo-metallic compounds are easily formed by the action of anaerobic 
bacteria, and it is well known that such compounds are often spon- 
taneously inflammable. Now many of the traditional places for the 
appearances of will-o’-the-wisps seem to be those where mineral ores 

^ Irriicht == will-o’-the-wisp (German). 
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occur (e.g. Silicia, Bologna, etc.), so that Glauber’s generalization (see 
above) may not be witiiout foundation. 

If the will-o’-the-wisps were caused by some particular organo- 
metallic compound which, mixed with methane, causech bubbles of 
the latter to ignite spontaneously, the extreme rarity and localized 
character of the phenomenon would find a ready explanation 

It should not be difficult for the Science Society of a favourably 
situated school to carry out a simple investigation on the matter. 
Small quantities of compounds of a large variety of elements (say, 
mixed with plaster of Paris) could be placed in marked positions in 
a pond or bog where methane is normally generated, and after stirring 
with a stick at night it could be observed whether luminous or spon- 
taneously inflammable vapours were ever evolved. The present writer 
had hoped to start such an experiment at Gordonstoun School, Elgin, 
IMorayshire, but plans were upset by evacuation. 
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ON SOME POPULAR SUPERSTITIONS OF THE 
CHEMISTRY TEXT -BOOKS 


By J. C. SPEAKMAN 
Sheffield University 

In dealing with undergraduates fresh from the schools and m marking 
examination scripts written by candidates still at school, I am con- 
tinually meeting certain misinterpretations of the facts of Chemistry. 
They continue to arise because they persist in a majority of the text- 
books (otherwise excellent) upon which the scholar and his teachers 
are inevitably largely dependent for their material. Needless to say, 
in marking papers, allowance is made for the fact that it is the usual 
sources of information that are at fault, and not the candidates. But 
for that very reason I feel the more impelled to draw attention to 
three of these superstitions which seem especially serious. 

(i) Electrode Reactions during Electrolysis. When an aqueous 
solution of sodium sulphate (let us say) is electrolysed between inert 
electrodes, the facts are that hydrogen (not sodium) appears at the 
cathode, .a^d oxygen ‘(not free sulphate) at the anode. Moreover, 
closer examination shows that the solution near the cathode (provided 
it is not stirred) becomes alkaline, and the solution near the anode 
acid by an equivalent amount. The traditional interpretation of these 
facts was as follows : that sodium ions were discharged at the cathode, 
producing neutral (metallic) sodium atoms (primary process), and 
that the sodium then reacted with water to produce sodium hydroxide 
and hydrogen (secondary process) — ^i.e. 

Na+ + 0 Na ; Na + H^O NaOH + ^ ; 

and similarly that sulphate ions were discharged at the anode, giving 
neutral sulphate radicals (primary process), which then reacted to 
give sulphuric acid and oxygen (secondary process) — i.e. 

iSOr -> iSO* -H 0 ; iSO, + JH.SO* + i-O^ ^ . 

This explanation (which dates back for at least a century) would 
not now be accepted by any electrochemist. And, considered in 
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terms of the ionic theory, it is at once seen to be absurd. The sodium 
in a sodium sulphate solution e.xists wholly, or almost wholly, as 
sodium ions ; the same is true of the sodium in a caustic soda solution. 
These sodium ions are exactly the same whether they are afccompanied 
by sulphate or by hydroxide ions. Therefore, what we are asked to 
believe is that the ions are first discharged at the cathode, and imme- 
diately, and in the same situation, undergo the reverse change ; and 
similarly that the sulphate ions, after being neutralized at the anode, 
change their minds and resume the status quo. As has been pointed 
out (for instance by Glasstone, this journal, 1935, 63 , 336), the true 
explanation certainly is that, under the conditions operative here, 
sodium ions are never discharged at all, because there is present in 
solution another kind of ion which, in spite of its lower concentration, 
can be discharged by the cathode far more easily — viz. the so-called 
hydrogen ion ^ ; and again that sulphate ions are not discharged, 
because discharge of hydroxide ions takes place preferentially at the 
anode. 

This may be put into a more precise form by reference to the 
deposition potentials involved. Broadly speaking, a cation may be 
discharged when the potential of the cathode with respect to the 
solution (jt) becomes more negative than the value given by the Nernst 
equation : 

RX 

71 — Tto logp [activity of ion). 

nr 


TTo is the standard electrode potential characteristic of thf» particular 
species in question, n is the valency of the ion, and the logarithmic 
0*06 

term becomes — — - log 10 {activity of ion} when R and F are given 


their appropriate values and the temperature, T, is taken to be about 
room-temperature. At the anode an anion may be discharged when 
the potential becomes more positive than the value given by the 

equation 71 — ti^ — log io{ activity of ion). Complicating effects 


may arise through overvoltage and polarization ; but, although these 
are sometimes important, they do not affect the present argument. 
For sodium the constant tto is about — 2-7 volts on the hydrogen scale, 
and from a normal solution of a sodium salt (in which the activity 
will not differ greatly from unity) sodium ions- will not discharge until 


^ The hydrogen ion is certainly hydrated in solution, and is more properly 
referred to as the hydronium or oxonium ion, 
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the potential of the cathode becomes more than 3-7 volts below that 
of the solution.! For hydrogen the constant « 7 ro is by definition zero, 
and, since in a neutral solution the hydrogen-ion activity is about 
10”’, the potential for hydrogen discharge is approximately given by 
0*06 

= o d logio{io~’} = — 0-4 volt. This value is much less 

negative than that for sodium discharge, and this is still true even 
when we make allowance for the solutions becoming more alkaline 
near the cathode and for overvoltage effects ; therefore, discharge of 
hydrogen ions will take preference over discharge of sodium ions. 
The sodium ions carry the current towards the cathode, but it is 
hydrogen ions (derived from the solvent) that are actually discharged 
there. As a result sodium and hydroxide ions accumulate around 
the cathode — i.e., caustic soda is formed. A similar quantitative 
consideration would show that discharge of hydroxide ions takes 
preference over discharge of sulphate ions. The sulphate ions carry 
the current towards the anode, but it is hydroxide ions that are dis- 
charged there, with the consequent formation of sulphuric acid. 

A somewhat different case is exemplified when the anode is of 
metallic copper, which on electrolysis goes into solution as copper 
10ns. The usual, and incorrect, interpretation would be that the 
discharged sulphate radicals convert the copper to copper sulphate, 
which then dissolves. The true interpretation is that direct anodic 
dissolution of copper (Cu Cu++ -f- 2(^) takes preference over any 
other electrode process. 

(3) Degree of Dissociation of Strong Electrolytes. For weak electro- 
lytes (such as acetic acid or ammonium hydroxide) the conductance 
ratio (A/Ao) approximately equals the degree of ionic dissociation in 
solution. But for strong electrolytes the degrees of dissociation thus 
arrived at (e.g. 84% in N/io sodium chloride) are certainly wholly 
incorrect. The close agreement often found between the degrees of 
dissociation based on the conductance ratio and those based on the 
Van ’t Hoff factor, i, (an agreement which rightly impressed physical 
chemists in the early days of the Arrhenius theory) makes a good story ; 
but it is now known to be incidental. Neither value is correct Most 
strong electrolytes are almost completely dissociated, at any rate up 
to quite high concentrations. The fact that the conductance-ratio 

! This holds for the deposition of pure sodium ; when the cathode consists 
of a very dilute sodium amalgam (as in the Castner- Kellner process), deposition 
occurs at a much less negative potential ; is m effect altered. 
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may be less thaa 100% and the Van ’t Hoff factor correspondingly less 
than the value expected for complete dissociation is due to general 
interionic attraction, and not to the formation of undissociated 
molecules/’ It may well be difficult to decide just how much of the 
(admittedly rather difficult) modern theory of strong electrolytes (cf. 
Glasstone’s Electrochemistry of Solutions^ or Chapter IX of his Recent 
Advances in Physical Chemistry, 1937 edition) can be presented in a 
school ; but that is surely no adequate justification for teaching what 
is generally recognized to be untrue, and has subsequently to be 
unlearnt by the pupil. 

(3) Valency. In elementary expositions of the electronic 

theory of valency it is often stated that three types of valency have to 
be postulated : {a) electrovalency or polar valency, as m sodium 

chloride, {b) covalency, as in ethane or carbon tetrachloride, and 
(c) co-ordinate or semi-polar bonds, as in BF3.NH3 or the sulphoxides. 
This is very misleading. Essentially there are only two types, ^ {a) and 
(b). (c) is at the best no more than a special case of (6), with a differ- 

ence in the mode of origin of the bond (and therefore of its properties) 
which It IS occasionally justifiable to stress, but not always. Indeed, 
the attempt to make too sharp a discrimination between ib) and (r) 
easily leads into a dangerous position. 

For instance, sulphuric acid m the un-ionized form may be repre- 
sented by the electronic formula I, or more simply by II, where the 

H - • 

: o : 

: s ; 

: o ; : o : 

H * • 

1 A detailed subdivision of the two mam types of valency, due to Pauling, 
has been recently summarized by Copley (this journal, March 1941) 

The further question, whether electrovalency and covalency represent 
essentially different modes of combination, or whether they are ideally pure 
types representing the two ends of a series within which all actual bonds 
occupy intermediate positions (1 e part electrovalent, part covalent) is of great 
interest, but must not detain us here. Sidgwick in his books on valency 

inclined towards the former view G N. Lewis and Pauling support the 

latter, which is coming to be generally accepted now. 

This is the usual electronic formulation of the sulphuric acid molecule 
It IS now realised that it may not represent the whole story ; the S — O bonds 
appear to possess partial double bond character, and the same applies to 
other similar oxyacids, their ions, and treated compounds {e g cf Sutton, 

Annual Reports Chem. Soc , 1940, 74). But this does not affect the point 

which IS being made m the present article. 


H— Os yO 

>S< 
H— 0/ 



152 


THE SCHOOL SCIENCE REVIEW 


lines stand for a pair of shared electrons (i.e. a covalency bond). In 
this formula the bonds between H and O and between hydroxyl O and 
S are ordinary normal covalencies. Those between S and the other 
two (non-hydroxylic) O-atoms are formally semi-polar bonds, and if 
we wish we can legitimately stress the fact by formulse such as III or 


H— 0\ - O 

/S\ 

H— O/ ^ O 


(HI) 


H— O. ® yO 
H— O/ ® \0 


(iv) 


IV. But it is not essential to use these special formulations ; com- 
plete information regarding the situation of the electrons is implied 
by a formula such as I or II. 

(The above statements regarding the S — O bonds can be confirmed 
by inspection of I or II, involving a comparison of the number of 
electrons possessed by each atom in the compound (a shared pair 
counting as one electron for each of the two atoms thus bonded) with 
the number occurring in the original, neutral atom. Thus, confining 
our attention to the outermost shell only, the two O atoms on the 
right had each originally 6 electrons, and now have in effect 7 (6 
unshared of 2 shared), so that each atom bears a negative '‘formal 
charge ” of i ; whilst the S atom, which also originally possessed 6 
electrons, now has effective possession of 4 (4 x of 2), so that its 
formal charge is -{- 2. The two S — O bonds in question are therefore 
semi-polar. Other ways of testing for polarity by reference to imagin- 
ary steps by means of which the molecule might have been built up 
are apt to mislead if at any stage a bond has been formed between 
entities not initially uncharged.) 

Next let us consider the situation when the acid becomes ionised 
(V). All four O atoms are joined to the S by identical bonds, and it 
is no longer justifiable to call two bonds covalent and two semi-polar. 
The above procedure leads to the set of formal charges shown at VI, 


2[H] + 



(V) 


2[H+] 



(VI) 


from which it appears that there are, as it were, two units of “ semi- 
polar-bondness ” to be divided equally between the four bonds. It 
thus becomes impossible to discriminate rigorously between normal 
and semi-polar bonds, or to answer “ Yes ” or “ No ” to the question 
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whether any particular bond is semi-polar. A somewhat similar state 
of affairs arises in connexion with the ammonium ion. 

Summarising, therefore, all such bonds essentially belong to one 
type ; they are all covalency bonds. When it can fairly be regarded 
as having been set up between two initially neutral atoms, one of which 
has provided both of the pair of bonding electrons, then the covalency 
bond will be associated with a large electrical dipole ; and, if we wish, 
we can stress this fact by some special method of formulation and by 
calling the bond semi-polar or co-ordinate. In other circumstances 
it is not generally possible to make a rigid distinction between normal 
and semi-polar covalency bonds. In either case, the formula of the 
type I or V supplies by implication all the information obtainable 
from such simple (and, after all, conventionalized) methods of repre- 
sentation. 



THE PHOTOGRAPHY OF SPECTRA 


By W. ASHHURST, B.Sc , M.Sc.Tech. 

Stretford Grammar School 

The photography of spectra is seldom tackled in the school laboratory. 
It has been found, however, that this experiment is full of interest as 
most boys possess cameras. Quite good results can be obtained using 
simple apparatus. It is the aim of the following account to describe 
the arrangements found satisfactory by the writer. 

A spectroscope, used in the ordinary way, produces a spectrum as 
a real image which is viewed through the eyepiece. A photograph of 
this spectrum can be obtained by fixing a photographic plate at the 
place where the real image is formed. This spectrum, however, is 
very small. Its size can be increased by using an objective of longer 
focal length. It must be emphasized that the spectrum is merely 
enlarged, the resolution remaining the same. The resolving power 
(i.e. the ability to separate two very close spectral lines) depends upon 
the size, angle and refractive index of the prism. A longer spectrum 
with increased resolution may be obtained by using two prisms. 

Figs. 1—5 are spectrograms taken using an ordinary school 
spectroscope. The collimator is adjusted as usual and the light from 
a metallic arc focused upon the slit. Two 60"^ glass prisms are used to 
increase the dispersion. The telescope is replaced by a double tube, 
in one end of which a lens is fixed. The lens is achromatic and of 
about 30 cm. focal length. (An achromatic lens is not essential.) 
The other end of the tube is covered with tracing-paper. By setting 
the tube so that the light from the prism passes down its axis, a spectrum 
is obtained on the tracing-paper. By altering the length of the double 
tube this spectrum is focused. 

In order to take a photograph using the arrangement described, 
the tracing-paper is replaced by a cardboard cap in which a piece of 
bromide paper is wedged. 

Figs. 6-10 were taken using a cheap plane grating replica in place 
of the prisms. 
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Fig,1. Iroru arc 


Fig. 2. Copper arc 
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Fig. 3. Alymlnlum arc^ 


Fig. 4. Zinc are 




Fig. 5. Nickel arc 
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Fig.6. Iron arc 



Fig. 7. Copper arc 
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Fig. 8. Aluminium arc 
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Fig. 9, Zinc arc 



Fig.lO. Nickel arc 
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Fig. 11, Iron arc 
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Fig, 12, Copper arc 
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Fig, 18. Aluminium arc 
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Fig. 14, Zinc arc 
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Fig, 16, Nickel arc 



Fig, 10, IVIagneslym sulphate In carbon arc 


The Region of the Photographs is about 3,500" A to 5,000^ A. 
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All the spectrograms reproduced have been taken directly on 
bromide paper. This is convenient, for a ^ood dark room is not 
necessary. Its drawback is that it cannot be used to cover the whole 
visible spectrum. 

The following is an account of a much more satisfactory arrange- 
ment : 


The Concave- Grating Spectrograph 

It is now possible to obtain replicas of concave gratings. They 
are marketed by the Central Scientific Company, Chicago, but can be 
obtained through the British scientific instrument firms. They are 
available in a variety of rulings and focal lengths and also in two grades. 
The one used in the apparatus here described has 15,000 lines to the 
inch and a focal length of 106 cm. It is catalogued at $10.50, but is 
subject to a large import duty. With such a grating a variety of 
experimental work is possible. 

There are three mountings for concave gratings in common use. 

1. The Rowland Mounting. This is probably the most common 
mounting, but it takes up a lot of room. Full details of this mounting 
are given in most advanced text-books on optics. 

2. The Stigrnatic Mounting. In this case a parallel beam is allowed 
to fall obliquely upon the grating which is arranged normal to the 
photographic plate. Giving a stigrnatic image, it is a very useful 
mounting for special work, e.g. the investigation of the spectral 
emission ffc»m different parts of a source. 

3. Eagle Mounting. This mounting is very compact and is that 
used in the taking of Figs. 11-16 

Details of the Mounting of the Grating 

A strong box 8 in. by 9 in. and 45 in. long is made in 9-ply with 
a strengthened base. The inside is blackened and two panels, X and Y, 
are cut to provide access to the grating, G, and prism, M. A cheap 
adjustable slit, S, is screwed on to one side of the box as shown. The 
camera, PP', is attached on one end, a suitably sized slot being cut 
out of the end of the box. The metallic arc A, is contained in the lamp- 
house of a lantern and focused upon the slit by means of the condensing 
lens. The light from the slit falls on the totally reflecting glass prism C, 
and is reflected on the grating. The prism is mounted by means of 
sealing-wax on the end of a piece of brass rod, which fits fairly tightly 
in a hole in a block of wood fastened to the bottom of the box. This 
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mounting enables the prism to be rotated, so that the light may be 
made to fall centrally up#n the grating. The prism is equidistant from 
the slit and the camera. The grating is clamped in a special mount 
which provides for rotating and tilting. The distance of the grating 
from the camera is about 106 cm. For focusing, this distance has to 



P 


be varied, and this is accomplished by sliding the grating mount along 
guides fastened to the bottom of the box. The position of the grating 
is noted by reference to a scale, L. From the grating, the light is 
reflected back along the box. By slight tilting of the grating, the 
reflected light is made to pass just above the prism and to fall upon 
the camera. A blackened shield K, prevents scattered light from the 




158 


THE SCHOOL SCIENCE REVIEW 


prism reaching the camera. The “ camera ” is the back portion of 
an old quarter-plate camera. It has a foqasing-screen and plate- 
holders can be inserted in the usual way. 

Adjustments 

Little time is required for adjusting the apparatus accurately enough 
for school use. 

Using a carbon arc and a fairly wide slit, the prism is rotated so 
that the light falls upon the grating. This is done by removing the 
panel Y and twisting the brass rod supporting the prism. On looking 
into the box through the camera aperture, the diffracted images should 
be visible on the sides of the box. By adjusting the tilt of the grating, 
the diffracted light is made to fall on a ground-glass focusing-screen. 
The first order spectrum is brought upon the screen by slightly rotating 
the grating The carbon arc is then replaced by an iron arc. The iron 
spectrum has an abundance of lines and is a convenient spectrum for 
focusing purposes. Using as fine a slit as is practicable, the position 
of the grating is altered until the spectral lines are sharp. This visual 
adjustment can usually be improved by taking a series of focusing 
photographs with the position of the grating altered by one or two 
millimetres each time. By this means, the best position of the grating 
can be found accurately. It will probably be found that not all the 
lines are in focus on any one photograph. By studying the series of 
focusing spectrograms, the amount of tilt of the plate which is necessary 
to bring all lines in focus can be estimated. In the apparatus described, 
a wedge W, about half an inch to zero is inserted lietween the camera 
and the end of the box. 

This apparatus has been moved frequently and no trouble has been 
experienced in adjusting it anew. 

It is difficult to give the exposure times as so much depends upon 
the slit width and arc. In this apparatus the slit is of poor quality 
and much better results should be possible with a better one. Exposures 
of about 30 seconds are used for the metallic arcs. 

The apparatus when m use is clamped to a bench and vibration 
does not seem to have caused trouble with the short exposures used. 



MEASUREMENT OF SURFACE TENSION AND 
DENSITY BY A MODIFIED CAPILLARY RISE 

METHOD 

By E TYLER, D Sc , M.Sc , F.Inst.P., A M LE.E., A F.R.Ae S 
Head of the Science Depar tnient^ South-East Essex Technical College, 

Dagenham 

Introduction 

The capillary tube method of measuring the coefficient of surface 
tension cr of a liquid becomes more attractive if means are available 
for applying external pressure to the enclosed space above the meniscus. 

Typical of this class of experiment is the depressed meniscus 
method of Ferguson and Hake, [i] 

In the ordinary capillary rise method only one value of the height 
of the elevated liquid above its free surface is obtainable with a given 
tube, and substitution of such a value in the theoretical expression 
IS essential for the evaluation of a. 

Any graphical method that might be evolved as a result of modified 
experimental technique is advantageous and preferable to this direct 
substitution method. 

With this aim in view, the following modified capillary rise 
method has been devised : such a method possesses the following 
advantages : — 

{a) Minimizes errors due to irregularities in the bore of the 
tube. 

{h) Eliminates the need of cutting the tube at the section coincident 
with the meniscus, when measuring the diameter of the tube 
with a travelling microscope, 

(r) Yields reliable results, since the method involves taking several 
independent observations all of which are capable of graphical 
representation. 

(d) The utilization of a projection method for purposes of measure- 
ment, combined with the mercury thread method for obtaining 
the internal bore of the tube, eliminates the employment of 
II 159 
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a microscope ; in addition it facilitates expeditious manipula- 
tion and provides an excellent class demonstration. 

(e) Method is equally effective for reduced pressures where the 
liquid is drawn further up the tube by suction, thereby 
increasing the range of observation. 

Theory of Method 

When a vertical capillary tube A is lowered into a liquid, and its 
upper end is connected to a pressure gauge B and variable pressure 
supply D (Fig. i), the height to which the liquid rises in the capillary 
tube depends not only upon the dimensions of the tube and nature 
of the liquid but upon the difference in pressure between P, that 
within the space above the meniscus c, and the external atmospheric 
pressure. 

Assuming the liquid wets the tube and makes zero angle of contact 
with the walls of the tube, let the following notation be adopted. 

h = the height of the elevated liquid in the tube above the free 
surface d, 

p — the density of the liquid under test, 
a — the coefficient of surface tension of the liquid, 
hi ~ the difference m the liquid levels a and b in the gauge, 

Pi =5 the density of the gauge liquid, and 
r == the radius of the capillary tube. 

Since thefe is equality of pressure at a and d, namely, atmospheric, 

p _ 2a ^ p __ 

r 

ocy 

Whence =- ^(p/? + Pi/ii) . . . • (t) 

Allowing for the volume of the liquid above the lower edge of the 
meniscus c, the “ effective elevation ” is h -f- \r (to a first approxima- 
tion), so that equation (i) becomes 

^ PSQ’ + H + Pighi 

or, rewriting, 

(h + ir) - . . . (2) 

rpg p 

This equation is linear in (h fi- Jr) and hi ; thus, for a given tube, 
if a series of values of h and hi are obtained, a plot of {h + J?') as 
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ordinate against as 

abscissa gi\es a straight- 
line graph not passing 
through the origin (Fig. 2). 

From such a graph the 
following information is 
derived : — 

{a) The slope of the 
graph expressed as 

hence ratio 

OB p 

of the liquid densities. 

{b) The intercept OA 
corresponding to /ti 
20 1 

= o is — , whence 

Pgr 

ppr OA , . 


(r) The intercept OB 
corresponding to 

h + -g-r = o IS 

2(7 

. . pigr. OB . . 

giving 0 - (4) 

[d) Using the same liquid 
in both the tube and 


the gauge p Piy 
hence, slope of the 
graph ~ I, i.e., the 
intercepts OA and 
OB are equal, 
therefore 


^ (OA + OB). pgr . . 

4 

{e) For tubes of different 
diameters but with 


the same liquid a 
family of straight-line graphs are obtained, all having the 
same gradient but of varying intercepts. 
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The conditions represented by equations 3, 4 and 5 may tlms be 

OB 

used to compute <7, and ^ to obtain -A or, if = i, p = 

Further analysis is possible if we use the series of tubes, and 
co-ordinate the results of the family of straight lines in Fig 2. 
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Referring to equation (2), if we regard constant for a given set 
of tubes, the equation i« now linear between the variables {Ji — \r) 

and \ Thus by setting up ordinates at any given value of hi on 

Fig. 2 we are able to obtain the corresponding values of {h ~r 3?') 

and ^ respectively for each tube If this process is repeated for 

different Ads, and the interpolated results are then plotted with (A -f |r) 

as ordinate and ~ as the abscissa, we obtain a family of straight lines 

T 

‘2t(j 

(Fig. 3) all having the same slope ; or is thus expressible as 

P'Sj' and since the slope of the graph is now involved, 

2 

a more reliable value of a should be obtained. 


Experimental Arrangement 

I'he schematic arrangement and final set-up of the apparatus is 
shown in Fig i 

Both the capillary tube A and U gauge B are arranged vertically 
and as close as possible to each other, so that observation of the heights 
h and hi of the liquids in the capillary tube and the gauge can be 
conveniently measured, either with a travelling microscope or by means 
of a projection method. For reasons already stated, the latter method 
is adopted, employing a lantern and projection lens L, at a magnification 
10 ~ 20. Provision is made for applying excess pressure by adjusting 
the levelling table T and water cylinder D to any convenient setting. 

Thus, in an actual test the levels a, b, c, d are all projected upon 
the distant screen S and their respective positions, ai hi Ci di, marked. 
The process is repeated over as wide a range as possible, including 
observations for reduced pressures below atmospheric. 

The position of the free surface of the liquid in the containing 
tank is then finally located in the usual manner with the aid of a steel 
needle or pm. 

Calibration of all measurements made at the screen is then effected 
by inserting a graduated glass scale in the place previously occupied 
by the capillary tube and thus measuring the actual size of a known 
number of scale divisions, hence obtaining the magnification employed. 

By this means, errors in the measurements arising from distortion 
caused by defects in the optical system become automatically eliminated . 
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Adhering to the non-use of a travelling microscope the bore of the 
tube is determined by the mercury thread piethod. 

If the length of the thread approximates to 20 cm., sufficient 
accuracy caSi be obtained with the aid of a -metre scale and projection 
lens. 

With a thread less than 10 cm. we may resort to the projection 
method ; allowance for the “ end effects ” must now be made. 

Regarding the ends of the mercury thread as hemispheres, the 
volume of mercury is 7ir\l — fr), where I is the measured length 
between the extremities of the menisci, thus, equating this to its mass 
m and density /o,„, a more exact value of r is derived from the relation 

Y ~ ,, „ where the approximate value of r obtained from 

^Pmd- - %r) 

nr’^PuJ. = m is substituted in the Ir term. 


Specimen Results 

Typical results for Benzene [2] are included in Figs. 2 and 3 and 
Tables i and 2. The alignment of the graphs is clearly revealed and 
the values of a and p display very good agreement. 

Equally consistent results were obtained with water (cr = 71-1, 
p = I 00) and chloroform (£7 = 327, p — i -48), but owing to the 
present economy the non-publication of these results in full has become 
imperative. 

RESULTS FOR BENZENE 
Table i 

Interpolated Data from Fig. 2 


p ~ density of liquid, pi = density ot gauge liquid 

== I 0 for water 

Tempgatuie 

Radius 
of Tube 
r 

cm 

Intercepts 

a- == 

dyncs-cm - ^ 

^ . P\g> OB 

2 

dynes- cm - ^ 

Density 

slope 
gm -cm “ 

OA 

OB 

I 5'5 

0-023(0) 

2 75 

3 39 

26 6 

27 0 

o'86 

15-5 

0-035(0) 

I 87 

1*57 

26 7 

26 9 

085 

IS 5 

0 044(8) 

I 52 

I 29 

284 

28 3 

0 85 

15 3 

0-063(0) 

i’05 

0 87 

27 4(9) 

26 8 

0 84(7) 

14*2 

0 096(8) 

0 72 

0 60 

28 9 - 

28 2 

0 85 





Average « 

j - 27 5 






P bv density bottle 






=-= 0 86(5) 

at IS 5° C 




MEASUREMENT OF SURFACE TENSION AND DENSITY 165 

Table 2 

Intei polated Data from Fig 3 


Difference in 

Density ot 


Gauge Le\elb 

Liquid 

Slope of 

hi 

P 

Graph 

cm 

gm -cm. — ^ 


0 


0 o69ro) 

-f 0 50 


0 062(0) 

A 1*0 

0 86 

0061 (4) 

— I 0 


0 061(0) 

— 2 0 


0 066(6) 


A\ erage 
Slope 


. P S slope 
z 

d>nes-cm - * 


O 064 


27*0 


In view of such consistency, the method merits a place among the 
list of recognized surface tension experiments and should prove useful 
for post-intermediate and scholarship work. 

F'urthermore, interesting numerical exercises can be devised, thus 
extending the mental effort of the student. 
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COLOUR BLINDNESS 


By G. F. WOODHOUSE, M.A. 

Highfield, Sedbergh, Yorks. 

The following is a brief account of some work I did a long time ago. 
It is now ten years since I retired and I thought that it was about 
time I put these results on record, mainly m the hope that many 
Science Masters would do some work on this interesting subject. 
Very little apparatus is needed, only a set of Edridge Green wools 
(Messrs. Curry & Paxton). The Holmgen set of wools is not so good. 
The only other thing is a spectroscope in which a fine vertical slit 
can be fitted. 

There are other methods of testing, such as the lanteim test, which 
is very good, but I never used it. The wool test may be looked upon 
as a preliminary, the spectroscope is the real test as it gives the key 
to the boy’s perception. Colour blindness (a bad term ; there is no 
blindness as a rule ; it should be called Poor Colour Perception) is 
very common among men. I had some 30 or 40 cases out of perhaps 
1,000 boys^ It is very rare among women (fortunately), but it does 
exist sometimes, to judge by the extraordinary colours you see some 
women wearing. 

In most text-books the Young-Helmholtz theory is given. This 
supposes that there are three sets of nerves in the eye, one set being' 
sensitive to red, the other two to green and violet. I suppose why 
it has persisted so long is because three-colour printing is successful. 
It cannot possibly be right. It supposes that colour blindness is due 
to the absence of one set of nerves or partial atrophy. Now, if a set 
is missing, there should be light loss also, see fig. i. There certainly 
is no light loss (except when the spectrum is shortened). Suppose 
the red nerves are missing, bright red would be matched with a darkish 
green. IVe never seen this done ; a colour-blind person will match 
a bright red with a bright green. There is no light loss. 

A shortened spectrum is sometimes met with, like a person who 
cannot hear very high notes. I had one case (see no. 7 spectrum) 
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who had a shortened violet end. He wore dark violet socks and, as 
I expected, he insisted ' that they were black Dr, Edridge Green 
introduced a theory which is very fully explained in his book Colour 
Blindness in the International series and more briefly in his book on 
Memory^ both of which are most interesting and should be read by 
anyone intending to take up this study. I very soon abandoned the 
Young-Helmholtz theory and worked on the lines of Edridge Green, 
and I had some correspondence with him and a long talk. 

To put it as briefly as possible, the inability to distinguish colours 
is entirely mental, like so many of our senses, 1 e., brain, not eye. If 
the eyes are defective, you may get some colour blindness such as 
tobacco amblyopia. 

Take music, for instance. Most people easily recognize 12 or so 
points of difference in an octave ; a musician, however, recognizes 
far more ; some people have such poor perception that they do not 

" ^Totaf 



notice if singing is out of tune. One of my friends, a bell-ringer, was 
never certain which was three and which was four on six handbells. 
The two bells are a semitone apart and I always had to tell him which 
was which. Such peopIe^s perception is mental ; they hear the noises 
as well as anyone. So it is with colour. 

The colour sense has probably developed gradually. The pre- 
historic man was probably monochromatic, or nearly so. Later, he 
began to notice a difference between the ends of the spectrum, that 
is, he would notice a bit'of red and violet ; then the differences would 
become more pronounced and he would be a 2 unit with a neutral 
band between the red and violet. Perhaps Noah was at this stage (?) 
as he makes no mention of colour in the rainbow. Homer, I believe, 
only mentions two colours. As development proceeded, the neutral 
band would get less and less and yellow would be seen ; then 4 points, 
R, Y, G, V, then 5, R, Y, G, B, V, and finally, normal sight, 6 points 
of difference, R, O, Y, G, B, V. Of course, one can mark out more 
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than six, such as, RO, OY, YG, etc., but the ordinary man is satisfied 
with six. 

Sometimes people see seven colours, but it is very rare. I’ve only 
come across three. They are real experts. They call blue-green 
sky-blue. It was curious that Newton was rather colour blind and 
got his assistant to mark out the colours. He happened to be a 7 unit 
and so it got into the text-books that there were seven colours in the 
spectrum. 

The most common cases of colour-blind people are 2 units with 
a neutral band between, which they call yellow and blue. These people 
are dangerous, as they may not distinguish between red and green 
lights. Three units are not to be trusted either, as in bad light, mist 
or rain, they may confuse red and green as they are, to them, adjacent 
colours. 

Two units are often quite good at naming colours correctly. Below 

1 give some spectra of a few of my cases and also the colour matches 
they made. Note particularly no. 6. He was getting on for being 
a monochromatic. He took no interest m colour and painted an 
extraordinary copy of a coloured picture. I got many paintings done, 
but unfortunately they are lost. 

Method of Testing. 

Using the Edridge Green colours, there are four standard test 
wools. These are no. i, orange ; no 2, bluish green ; no. 3, violet ; 
no. 4, red- To these I generally added a fifth — rose pink. 

No. I is first given, and the boy is told to name it and to pick 
out wools of the same colour, whether light or dark. 

As to the naming, surprising answers are sometimes given. A 

2 unit may call it yellow, red or perhaps green. I once heard it called 
heliotrope ! This was simply colour ignorance, which, by the way, 
is rather common. The reason may be that people’s standards of 
colour are not so good. Thus, they talk of red hair. What a shock 
you would get if you met anyone with pure spectrum-red hair ! I 
would suggest the following as standards : 

Red : claret or ruby glass. 

Orange : the hot glow of a coal fire. 

Yellow : buttercup. 

Green ; olive (grass is too yellowish). 

Blue : sky. 

Violet ; the flower violet. 
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Some people imagine violet as purple, but purple is a mixture of 
red and violet. 

To continue the testing. The 2 unit will select pinks, yellows, 
reds, light greens, all of the same shade ; it is difficult to 'get him to 
mix up light and dark shades. According to the Young-Helmholtz 
theory, this orange test should appear somewhat dark to a 3 unit and 
he should, therefore, match a darkish green with it. Well, he won’t, 
nothing will induce him to ; there is no light loss. He is really more 
influenced by shade than by colour. 

The other standards are used to verify the class to which he belongs. 
A 5 unit will probably put a pink with no. i and will talk about reddish- 
yellow. 

Three and 4 units will mix up browns and yellows and of course 
blues and violets. 

The rose pink will confirm the 2 unit with a neutral band, as he 
will match light blues with it, for although to the 6 unit, rose pink is 
a mixture of the end colours, red and violet, to the 2 unit, as his 
only colours are the end ones, it wall appear grey, or white, which 
IS the same as his neutral band. A 3 unit may also make this 
mistake. 

After the w^ool test, if I had found colour blindness, I proceeded 
to use the spectroscope in the following w^ay. In the focal plane of 
the eyepiece, I placed a narrow vertical slit and set the telescope so 
that only yellow was seen. I asked the boy to name the colour (the 2 unit 
always says yellow) and then moved the telescope slowly tow'ards the 
red end, say, to the right, stopping when a new colour came in view. 
The 2 unit goes right on to the end. Read the vernier. When told 
to go slowly to the left, the 2 unit will stop at the beginning of 
his neutral band and say, “ It goes white here ”, and so on to the end. 
In this manner the whole spectrum is plotted. 

A doctor once asked me to map his spectrum. He marked out 
seven colours. I knew he was not a 7 unit as he called blue-green, 
blue-green and not sky-blue. On showing him a blue-green wool, 
he named it correctly, whereas a 7 unit would have laughed at the 
idea of its being a mixture and would have said it was pure blue. 

I then started to ask him to set the slit at ends of various colours, 
dodging about, such as left end of orange, right end of blue, left end 
of red, right end of violet, and so on. I then pointed out to him that 
his blue and violet joined up very nicely and there was no indigo , 
he was no 7 unit. 
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Here are a i Normal | r I o |y| g I b ~T 
few spectra. ^ 

2 7 unit I R I O |Y| G I ^ I I 

3 3 unit C R i G I 

4 4 unit Q 

5 2 unit I Y ( iTT 

6 2 unit f ^ 

Fig 3. 

^ 3 I R I G I V I I 

Studying these will give the key to the various classes, and causes 
of the mistakes made. 

No. J. Normal sight. To repeat, Test i is orange ; lest 2, blue- 
green ; Test 3, violet , Test 4, red. 

No. 2. A 7 unit will rearrange a little to make room for his indigo, 
so his blue will cover the 6-unit blue-green, which of course is why 
he will call blue-green pure blue. 

His selections were : Test wool i he called orange and pulled out 
3 oranges, i gold, i very dark reddish- orange. 

Test wool 2 he called sky-blue and picked out i correct and i dark 
blue-green. 

Test wool 3 he called indigo-violet and selected 3 correct, 2 blue, 
I purple. 

Test wool 4 he called orange- red and selected 2 correct and 10 reds. 

No. 3 A3 unit. Test wool i. He picked out 3 oranges, 
I yellow-orange and i yellow-green. 

Test wool 3. Selection, 2 greens, 7 yellow-greens, i green-brown, 

I grey, i rose. 

Test wool 3. He picked out i rose, 9 blues and 5 violets. 

Test wool 4 - He selected 4 rods, i dark orange and 2 browns. 

Test wool 5 (rose). His selection was 2 rose, i blue, i violet. 

It will be seen that browns and greens bother him on the one hand 
and blues and violets on the other. 

No. 4. A 4 unit. He called Test i yellow-red and matched 
3 oranges and i yellow-orange with it. 

Test 3 he called blue and he put wdth it 6 blues, 4 violets, i blue- 
violet and I blue-green. 
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He called Test 2 green and selected 3 blue-greens 

Test 4 he named red and put 5 reds and 3 pinks with it. 

Oranges and yellow's, blues and violets are his chief mistakes. 

5 An ordinary 2 unit. He called Test i red and matched 
it with 5 reds, i orange, i orange-brown, all the same shade. 

Test 2 he called grey (right on his neutral band). He put with it 
9 blue-greens, i yellow-green, i pink, 2 greens, 2 grey and 2 grey- 
violets. 

Test 3 he was rather good at and picked out 6 blues, 5 violets, 

1 blue-violet and i blue-green quickly. 

Test 4 he named as red and selected 4 reds, 10 browms, i orange - 
brown. 

His selections are typical and agree with all I have said about 

2 units. 

No. 6. A 2 unit with a very large neutral band. He called Test i 
light brown and put with it 4 greeny-yellows, 6 yellow-greens, 2 oranges, 
2 browns (light) and i red. 

No. 2 Test he called grey and picked out 6 greys, 5 blue-greens, 

1 green, 2 yellow-greens, i orange and 2 browns. 

He called No. 3 Test blue and put with it 6 violets, i grey-violet, 

2 blue-violets, 10 blues and 8 rose pinks. 

No. 4 he called red and wnth it he put 2 greeny-yellows, 10 browns 
and 5 reds. 

A very interesting case. 

No, 7. A 3 unit with shortened violet^ the ‘‘ black ” sock hero. 
Test I he called reddish-orange and selected 5 oranges, 5 yellows and 
I pink. Test 2 he called green and selected 4 blue-greens, 8 yellow- 
greens, 6 greeny-yellows and 3 browns. 

Test 3 he called blue and selected i violet and 9 blues. 

Test 4 he called red and selected ii reds, 4 pinks, and i browm. 
These alone are just 7 of the 30 or so I recorded and are very 
typical of the various classes. 

Five units do not much matter ; they get confused only wdth oranges 
and yellows ; they do not see orange as a separate colour and merely 
consider it as a mixture of yellow and red. I think this class is 
very, very common. 

I hope this somewhat brief account will arouse interest and cause 
many to take up this very interesting study. I am confident that, any 
who take it up will find out that the Young-Helmholtz theory will not 
do and that the Edridge Green theory explains every observed detail. 



LESSON NOTES : ELECTROLYSIS FOR SCHOOL 

CERTIFICATE 

By a. MERRICK 
Bootle Secondary School 

Part I 

A. x^ttention is first drawn to objects in daily life which are either 
prepared by electrolysis, or in which an essential step in their prepara- 
tion is electrolytic, e.g., (i) the chromium-plated parts of cycles, car 
radiators, bath taps, and so on ; (ii) the gramophone records they play, 
made from a master ” prepared by electroplating a graphited blank 
on which the record had been cut No. 77, p. 19] ; (111) the 

Milton used as an antiseptic wash ; (iv) the H.C.C, wires of their 
wireless sets ; (v) the chlorine-purified Thames water so many drink. 
One or more of these, or similar instances, should appeal to the personal 
experience of each student. 

B. The cells shown in the diagram are then one by one reviewed ; 
the several electrolytes, electrodes, and colours carefully noted and 
exactly recorded. 

C. The whole set is then carefully assembled in series, a diagram 
prepared on the blackboard and attention drawn to the fact that the 
negative of one cell is part of the same conductor as the positive of the 
following cell. The method of applying a desired potential to the 
series of cells by means of a field rheostat across 230-volt D.C. mains 
is explained. 

D. Everything is checked over again and on switching on the 
current no reading is got on the ammeter, though the volt- meter 
across the assemblage reads 230 volts. 

A rapid test with an accumulator and galvanometer (i.e., an 
ammeter) by means of portable leads (and test prods) shows that it is 
the water cell which alone is not yielding any visible proof of being 
a conductor. 

E. Concentrated sulphuric acid, in moderate amount, is then 
poured into the third limb of the water cell. Attention is drawn to 
the way refraction effects enable us to follow its descent down the tube 
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and then, as it is watched, it is seen to get to the level of the electrodes 
and forthwith bubbles begin to come off at both and with increasing 
speed — so that it becomes necessary to cut down the applied P D. 
very quickly to keep the bubbling at a convenient rate. 

F. Attention is also directed to the fact that the other cells of 
the series started up at the same time as the water cell did. 

G The various effects in the several cells are now tabulated in 
the following or similar form ; facts, not theories, being recorded and 
analogous industrial processes named. 

Table of Electrolytic Effects 


O 


' o 



O tj 

sJ ^ CJ 

Anode Eftects 

Electrolyte 

U Pt 

; Nil 

Lake Vrynwy 
water 

1 

IB Pt 

Colourless gas, relights 
glovMng splinter 

Dll H2SO4 

II Cu 

' No bubbles, anode goes 

1 dull and shows signs 
! of wear 

1 

CUBO4 soln 

1 

1 

ITI 1 Cu 

r 

1 Anode thins awa> and 
' possibly breaks off, 
a greenish colour 

1 spreads from it to- 
j wards cathode 

Dll H >S 04 

1 

i 

i 

i 

iv! Pt 

1 

1 

1 Bubbles of ONjgen 
Red colour spreads 

1 towards cathode and 
then bleaching effect 

1 

Na^SOj soln 

4- litmus 

1 

! 

1 

V ! C 

1 

1 

Chlorine set free 

(starch iodide papers 
blued), solution \ery 
acid 

NaCl soln | 

1 

i 

VI Pt 

1 

Chlorine and oxygen 
mixture, composition 
depending on condi- 
tions 

S S R j No 63, p 340 

HCl soln 1 

i 

1 

1 

I 

1 


Attention is next drawn to the 
a steady direct current and cells 


CJ 

T 3 

0 

Cathode Effects 0 

W 

Further Notes 

Pt 

Nil 

rWhat was water be- 
J comes dilute H*iSC)4 

Pt 

Colourless gas , lit, 
burns with blue 
flame 

1 Hydrogen manufac- 
L ture for margarine 
Vol oxygen Voi 

hydrogen = 12 

(approx ) 

Cu 

Bnght copper deposit 
on cathode No 

bubbles 

1 Copper refining tor 
H C C wires 

Pt 

Bubbles of hydrogen 
at first , much later 
copper deposited 
when colour has 
; spread to cathode 

(1) Metal from anode 
travels cathode- 
wards 

(11) Electroplating 

! Pt 

Bubbles of hydrogen 

Blue colour spreads 
Towards anode j 

Shows acidity stalls 
and grows at anode 
and vice versa 

Alkalinity grow^ at 
the cathode 

' Fe 

Hydrogen set free, I 
liquid goes strongly 
alkaline 

Manufacture of (1) 
bleach liquor, (n) 
caustic soda, etc 

Pt 

Hydrogen set free ' 

Shows supi erne im- 
portance of degree 
of concentration of 
electrolyte 


fact that Faraday found that, with 
in series, 



ELECTROT.YSIS FOR SCHOOL CERTIFICATE 


175 


I. The amount or gas set free or of solid deposited was proportional 
to the time the currentMvas on. 

II . The weights of silver, copper, hydrogen and oxygen set free 
were in the ratio of 108 : 31-5 : i : 8, which numbers are their chemical 
equivalents ; and from these facts, he drew up his first two laws, in 
these his own words : — 

Law I. “ The chemical power of an electric current is in direct 
proportion to the absolute quantity of electricity which passes.” 

Law 11 . “ Electrochemical equivalents coincide and are the same 

with ordinary chemical equivalents.” 

[Cf. Experimental Researches, Article 571, Dent’s Everyman’s 
Library.] 

Here it will be necessary to point out the change of definition since 
his day, for nowadays we define our electrochemical equivalent weights 
as the weights of the substances set free by the passage of one coulomb 
of electricity, and so our present values are one 96,500th part of 
Faraday’s values ; for one coulomb liberates o-ooiii8 grams of silver 
and one gram equivalent of silver is 107-88 grams, which number is 
96,500 times the other. So our electrochemical equivalents may be 
got by dividing the chemical equivalents by 96,500. 

Everything so far has been plain sailing, simply noting each land- 
mark as we go along and no theorizing. We now come to seek an 
e.xplanation of the mechanism of the changes we have noted 


Part II 

Starting where we left off in Part I, we may draw attention to 
the phenomena in cells III and IV, and draw the conclusions given 
in the last column of the table. Someone of thoughtful mind is certain 
to ask, “ If the copper travels from anode to cathode as Experiment III 
shows it does, what happens to the sulphate part of the copper sulphate, 
there or in Experiment II ? ” He may be told of Whetham’s Experi- 
ment with solutions of potassium carbonate and potassium perman- 
ganate, described in the latter’s Solution and Electrolysis, p. 217. 

Thence we see that in the electrolysis of a solution of a salt there 
is a movement of metallic matter cathode-wards and of acid radicals 
anode- wards ; but, says someone, “ What about the water ? Doesn’t 
it play any part in what is going on ? ” 
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In answer to this very natural query, Experiment VI may be dis- 
cussed in light of the facts ascertained and? given No. 63, 

pp. 340, 341], wherein we read that very dilute hydrochloric acid 
yields oxygen at the anode and no chlorine ; the very concentrated acid 
yields at the anode chlorine and little or no oxygen ; solutions of 
intermediate strength give mixtures of oxygen and chlorine, depending 
on the proportions of the solution. Further, it may be pointed out 
that solutions of hydrofluoric acid are conductors of electricity, yielding 
hydrogen and oxygen till all the water is gone, when the “ dry ” acid 
proves to be a non-conductor ; a novel way of drying a liquid. 

Thus, therefore, it follows that not only the solute, copper sulphate, 
but also the solvent, water, must be considered in any adequate dis- 
cussion of the facts of electrolysis of a salt such as copper sulphate. 

At this point it is well to pause and to devote a short talk to pointing 
out what a wonderful time was the end of the eighteenth century and 
the whole of the nineteenth century in the world of thought. Arrhenius’ 
Theories of Chemistry (pp. 157 et seqq.) gives a fair and concise guide 
of how the work of the botanists, the physical chemist, van ’t Hoff, 
and himself led to his famous theory of electrolytic dissociation. In 
all this talk it is worth emphasizing that it is a search for truth which 
is being described, a search worth doing for itself and one which has 
led to great enlightenment. 

Next, with or without such a preface, tell what is now held to be 
the fact, namely, that in a solution the electrol5rte is practically wholly 
dissociated into positively charged particles and negatively charged 
particles and that, consequently, as in all the electrostatic experiments 
they have seen, these particles are respectively and severally attracted 
and repelled by the oppositely and like charged electrodes when the 
current is switched on. We may postpone to the VI Form how far 
the “ crowding,” or concentration effect of modern theories and 
Arrhenius’ partial dissociation ideas are an earlier and a later way, 
respectively, of explaining the same set of facts. At the S.C. stage there 
is not time to touch on this aspect of the matter — further, unless some- 
one raises the question in class, we may postpone the fact that there 
is evidence for some undissociated molecules [cf. Chemical Society : 
Annual Reports 1934, p. 65]. 

We now have to account for the phenomena noted in the actual 
experiments, and it is best done by the following analogy : — Let us 
think of a tidal harbour outside of which, at low water, he a number of 
craft of all sizes awaiting the chance to enter. Which will get in first 
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as the tide rises, the smack or the tramp drawing 20 ft. or more of 
water ? Even so, those- ions needing the least voltage for their dis- 
charge will be discharged before those requiring a higher voltage, for 
clearly, as each gram-equivalent needs 96,500 coulombs to pass through 
the circuit to liberate it, the smaller the voltage this has to be driven 
through, the less the work done in discharging such an ion and so 
the more reason why such an ion rather than another is discharged. 
Just as the tide does less work against gravity in lifting a drifter over 
the bar than in doing the same to a deep-sea ship. 

Applying these ideas to the copper sulphate solution, we first draw 
a cell with circles m it enclosing the symbols of the ions they represent, 
Cu^"^, 504“ H3O+, OH“ with arrows pointing in all directions 

indicating random motion, then in a second drawing the same ions 
are depicted with the attached arrows pointing to the appropriate 
electrode in each case. Hence we arrive at the following state of 
affairs : 

At Anode. At Cathode. 

OH^ -h OH' A OH' OH' 

™ O2 -f- aHoO 
and (SO 4) remain in 
undischarged. 

For as Glasstone (loc. cit.) puts it so well in No. 63 of this journal : 

When the external E M F. applied to an electrolytic cell is gradually 
increased, the potential of the cathode becomes steadily more negative and 
that of the anode more positive until the deposition potentials of the ions are 
reached. Consider, for example, the electrolysis of M-copper sulphate solution 
containing M-sulphuric acid : the discharge potential of the cupric ions is 
about 0*33 volt whereas hydrogen gas should commence to be evolved at 
a potential of approximately — o 23 volt, allowing for the over-voltage on 
a copper cathode. It is clear that copper will be deposited exclusively in 
the cathode and no hydrogen will be evolved If the electrolysis is prolonged 
so that the cupric 10ns in the solution are almost exhausted, the potential will 
become sufficiently negative for hydrogen evolution to commence. Should 
the current be so large that the cupric ions are not brought up to the electrode 
sufficiently rapidly to satisfy the requirements of the current, according to 
Faraday^ s laws, then the potential will become more negative and simultaneous 
deposition of copper and hydrogen will result In an ordinary electrolysis of 
acid copper sulphate solution, neither of the contingencies leading to hydrogen 
evolution is likely to result 

Thence it becomes clear why current density must be considered in 
electrolysis, for if we push up C.D we push up P D. across the elec- 


Cu — Cu deposited 
and 4(H30)‘ remaining 
undischarged. 
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trolyte layer in contact with the electrode and, as local concentrations 
are bound to occur m that layer, there will fee local P.D.s at various 
points and not simple uniform P.D , which has possibly something 
to do with pits, knobs, etc., which often occur in electrolysis. Hence 
also the use of stirring the electrolyte mechanically 

It is hoped that this way of putting matters may be preferred to 
the primary^ and secondary explanation so often given, and, of course, 
the actual notes will be much shorter than this suggested exposition 
of the subject matter. 



THE EARLY DEVELOPMENT OF THE FROG— I 


By G. E, NEWELL, B Sc., Ph.D., and A. J. GROVE, M.A., D Sc. 

Department of Zoology, Queen Mary College, University of London 

Introduction 

In a previous article a brief description was given of the early develop- 
ment of Amphioxus and it was suggested that it might serve as a basis 
upon which the general features of chordate development might be 
founded. This was not necessarily because it represents a primitive 
condition but rather that it serves to bring into relief some of the 
essential points in craniate development. It will be recalled that 
immediately subsequent to fertilization the cytoplasm of the egg of 
Amphioxus becomes visibly differentiated into different regions which 
from that moment onwards play a fixed and determined part in future 
development. That is to say, these cytoplasmic areas (containing 
organ-forming substances) each give rise to definite and particular 
structures in the embryo and one important role of cleavage is the dis- 
tribution of their organ-forming substances (by their inclusion in 
particular blastomeres) to their definitive positions in the blastula. 
The early stages of craniate development follow, in the main, the same 
general lines as those indicated for Amphioxus but with at least one 
important difference. The differentiation, or determination of the fate 
of the cytoplasm of the cells does not take place until a later stage of 
development — usually towards the end of cleavage — and the different 
types of cytoplasm being now confined within the cell membranes of the 
blastomeres are re-distributed in the embryo by streaming movements 
of the cells. If this difference is borne in mind then it will be realized 
that many of the important developmental processes in which the 
craniates differ from Amphioxus are but necessary modifications for 
the attainment of a similar result. 

Considerable variation is met with in the craniates themselves, 
especially in the earlier stages, but many of the differences may be 
attributed to the interplay of physical and chemical factors whose 
influences have been investigated by experimental methods. 
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The development of the frog,^ which is the next example usually 
taken after Amphioxus, provides an instance moderately telolecithal 
ovum, the embryo hatching as a larva (tadpole) m a much more advanced 
stage of development than the gastrula larva of Amphioxus. 


The Egg 



Each egg is formed in a follicle in the ovary and when released 
into the body cavity to pass into the oviduct, is a spherical body about 

1*6 mm. in diameter. Roughly 
one-half of its surface is a deep 
brownish-black colour due to the 
presence of a superficial layer of 
pigment granules. The othei half 
is of a much lighter colour, and it 
is in this half that the greater part 
of the yolk is aggregated so that 
the ovum is telolecithal and the 
large nucleus (germinal vesicle) 
lies in the upper part of the pig- 
mented half. This unequal dis- 
tribution of the pigment also in- 
dicates the polarity of the egg, 
the pigmented pole being the 
animal pole and the lighter 
coloured one the vegetative pole. 

The eggs are released from 
the ovary as primary oocytes and 
the first stage in maturation occurs during the passage of the egg down 
the oviduct. When the egg leaves the follicle it is surrounded only by 
a thin vitelline membrane and the first polar body remains within this 
membrane. The point of extrusion of the first polar body is marked 
by a small depression on the surface of the pigmented area. During 
their passage down the oviducts the eggs are coated with albumen 
which swells in contact with the water on deposition, forming the 
familiar frog spawn. 


Fig I — The unfertilized Egg enclosed in 
Its Membranes (Animal pole upper- 
most ) 

album , albumen ; A P ^ animal pole ; 
pig7n pigmented half, vtt memh , vitel- 
line membrane , V P ^ vegetative pole , 
ylky -V, yolky half 


^ Although the English Frog {Rana temporarid) is the one used in England 
for practical work, most of the embryological investigations have been earned 
out on other Anura. There is no reason to believe that their development 
differs in any fundamental way from that of the common frog, and the following 
account is a summary of those features which are common to the development 
of all anurans. 
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Fertilization 

It is in this form, as secondary oocytes, that the eggs are laid and, 
since the male immediately deposits the spermatozoa upon them, 
fertilization occurs at once, usually before the albuminous covering has 
had time to swell up. The entry of 
the spermatozoon into the egg appears 
to induce the completion of maturation, 
for the second polar body is extruded 
almost immediately. At the point 
where the head of the spermatozoon 
comes into contact with the vitelline 
membrane, the surface of the egg is 
raised into a small protuberance into 
which the spermatozoon penetrates. 

The passage of the sperm nucleus (male 
pronucleus) through the cytoplasm is 
marked by the carrying in with it of 
some of the pigment granules from the 
surface and it traverses a definite path 
(the sperm path) towards the nucleus 
(female pronucleus) of the now mature 
egg. This path is commonly straight, 
passing directly towards the female 
pronucleus when that nucleus is in the 

middle of the cytoplasm, but may, 
on occasion, when the female pro- 
nucleus is excentrically placed, con- 
sist of a preliminary “ penetration 
path ” and a subsequent “ copulation 
path ” inclined at an angle to the 
former. As will be seen later, the 
direction of the sperm path is im- 
portant in cleavage. 

The penetration of the sperma- 
tozoon causes certain changes in the 
distribution of the external pigment 
in addition to the carrying in of 
pigment by the spermatozoon. At 
a point diametrically opposite the point of entry, there is an inward 
flux of pigment and water which results in the formation on the 


gry cr 



Fig 3 — Side view of a fertilized Egg 

A P , animal pole , ANT , an 
tenor *, gry cr , grey crescent , plr. 
bds , pola bodies , POST , posterioi , 
vit memh , vitelline membrane , V P , 
vegetative poler 


v/t memb. 


zyg nuc 



Fig 2 — Vertical section through 
a fertilized Egg (In this and sub- 
sequent figures the embryonic axis 
IS indicated by an arrow .) 

A P , animal pole ; cop. pth.^ 
copulation path , plr. bds , polar 
bodies ; pt spm ent , point of entry 
of the spermatozoon ; VP., vege- 
tative pole ; vit memh , vitelline 
membrane , zyg nuc , zygote 
nucleus 
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surface of a crescentic area of a greyish insteaa of the normal dark 
colour This development is accompanied d*i some amphibian eggs 
by streaming movements in the pigment. 

Symmetry 

The appearance of the grey crescent on the surface of the egg has 
materially altered its symmetry. Before fertilization took place the 
arrangement of its parts was, apparently, radially symmetrical about an 
axis (the egg axis) passing directly from the animal to the vegetative 
poles. Now, however, a definite bilateral symmetry^ has been imposed 
about a plane passing through the middle of the grey crescent and the 
two poles. Normally, this marks the plane of the first cleavage division 
so that It divides the egg into right and left halves, but actually the 
position of the first cleavage plane is determined by other conditions 
(see below). 

Another development which follows the appearance of the grey 
crescent is that the orientation of the future embryo is now established, 
for the grey crescent marks the position of the dorsal lip of the blastopore 
when it is first formed, and, consequently, of the dorsal surface of the 
early embryo It is, therefore, possible now to indicate the main axis 
of the future embryo though, for the present, the egg always assumes a 
position with the animal pole uppermost, however it may be displaced. 
This is because the egg has become free from the vitelline membrane 
as a result of a slight shrinkage due, in all probability, to the extrusion 
of a little water. 


Cleavage 

Cleavage is of the holoblastic, unequal type, for the quantity of 
yolk present is sufficient to cause considerable hampering of cleavage 
in the vegetative hemisphere. 

The first cleavage plane is meridional and its position is determined 
by the direction of the terminal portion of the sperm path. If the 
penetration path is in a straight line with the copulation path, then the 
first cleavage plane passes through the centre of the grey crescent, but 
if the female pronucleus is excentric and the copulation path is inclined 
to the penetration path, then the first cleavage plane may pass to one 

^ There is, however, much evidence in support of the view that the position 
of the grey crescent has already been determined before the entry of the sperm. 
This merely causes its presence to be revealed. The sperm path of the 
sperm happens to coincide, in the vast majority of cases, with the plane of 
bilateral symmetry. 
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side of the grey crescerm, since it always coincides with the plane of the 
copulation path or, mor® accurately, the equator of the first spindle. 
This does not, however, interfere with the symmetry of the future 
embryo, for the crescent will be divided at a subsequent cleavage. The 
first cleavage divides the fertilized egg or zygote into two blastomeres 
which remain closely adposed to one another, the cleavage being 
indicated on the surface by a meridional furrow which is more pro- 
nounced in the pigmented hemisphere than in the yolk-containing 
region. Even before the furrow of the first cleavage plane has extended 
completely into the vegetative region, the second division has com- 
menced. This is also meridional but at right angles to the first. It 
extends rapidly through the animal hemisphere and more slowly 


gry or 



Fig 4 — Dorsal \le^^ of the t^^o-celled 
Stage 

A P , animal pole , ANT , anterior , 
1 st cleav pln.^ first cleavage plane , 
gry C7 , grey crescent , POST , pos- 
terior , V P y vegetative pole 


gry cr 

/ 





Fig. 5 — The eight-celled Stage 
(Vitelline membrane omitted.) 

A P , animal pole , ANT , anterior , 
gry cr , grey crescent , POST., pos- 
terior ; VP, vegetative pole 


through the vegetative, producing four blastomeres. The third 
cleavage plane is latitudinal and is situated well above the equator of 
the egg. This produces eight blastomeres, four pigmented micromeres 
at the animal pole and four large yolk-containing macromeres at the 
vegetative pole. The fourth cleavage division is meridional and divides 
each of the micromeres into two, producing eight, and eventually does 
the same to the macromeres. But the fact that the third cleavage 
division has separated the almost yolkless pigmented micromeres from 
the yolk-containing macromeres has removed from the former the 
hampering effect of the yolk to the passage of the cleavage planes. 
Thus, although for a time the cleavage planes follow an orderly sequence 
of alternating meridional and latitudinal directions, the division of the 
micromeres proceeds much more rapidly than that of the macromeres 
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with the production of a blastula, the upper hemisphere of which is 
composed of small externally pigmented cells- and the lower of large 
yolk-containing cells, the blastocoel being excentric. In all these 
happenings the position of the grey crescent remains indicated by the 
colour of the cells formed within its limits 


The Blastula 

If a sagittal section of such a blastula is examined, it will be found 
that in the upper or animal hemisphere, surrounding the blastocoel, the 
wall of the blastula consists of several layers of small cells, the outer ones 


DORSAL 




POST 
V P 


bistcl 


Fig. 6 — Vertical Section through an 
early Blastula 


A P., animal pole , AKT , anterior , 
blstd , blastocoel ; macrms , macro- 
meres ; POST., posterior , V,P , 
vegetative pole. 



VENTRAL 

Fig 7 — Sagittal half of a late Blastula 

A P , animal pole ; ANT , anterior ; 
bhtcl , blastocoel , pigm els , pigmented 
cells ; POST , posterior , VP , vegeta- 
tive pole , ylky els , yolky cells 


of which have pigment on their external surfaces. The lower, or vege- 
tative hemisphere, is composed of a mass of large yolk-containmg cells. 

Although from a mere inspection of the late blastula it would appear 
that there is little distinction between its cells except in size and yolk 
content, it has been shown that a potential differentiation of the cells 
has already set in. That is to say, the role which the cells will play 
in future development was already being determined during and 
towards the end of cleavage, and it has been possible to map out on 
the surface of the blastula, cell areas of differing potentialities ^ (Figs. 8, 

^ Our knowledge of the positions occupied on the walls of the anuran 
blastula by the different kinds of cells is largely due to Vogt and his fellow- 
workers who followed up and extended results obtained by the Spemann school 
who worked largely on urodele embryos Vogt succeeded in perfecting a 
technique of intra-vitam staining by means of which small areas on the wall of 
the blastula were coloured with various harmless dyes . In this way the different 
areas were recognizable for a considerable period and the parts that they played 
in development was followed. 
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9 and 22). The narrica^given to these areas refer only to their normal 
potentialities for, as will^e seen later, the embryo is still, at this stage, 
capable of considerable re-adjustment if it is interfered with by damage 
or other means. To put it another way, the determination ‘of the cell 
areas (with the important exception of the cells of the grey crescent) is 
still labile, and for this reason they are referred to as “ presumptive 
areas.” The mapping out of the presumptive areas has in many 
amphibia been carried out in great detail, but the following main areas 
may be distinguished. The presumptive ectoderm occupies almost all 



Fig. 8. — Side view of Blastula of Bomhinator sho\Mng presumpti\e areas mapped out 

(Based on Vogt ) 

ANT , anterior , d Ip , dorsal lip of the blastopore , endod , endoderm , epid , 
epidermis ; L B , line marking future lips of the blastopore , L I ^ limit of invaginated 
material , L P , lateral plate , mesd , mesoderm , nrl pit , neural plate , ntchd , 
notochord , POST , posterior , prechd endod , prechordal endoderm , , somites 

of the animal (anterior) half of the blastula and is subdivisible into 
presumptive epidermis, which lies along its ventral and ventro-lateral 
parts and presumptive neural (medullary) plate, a broad band stretching 
over the antero-dorsal and lateral parts Posterior to this (i e , nearer 
the vegetative pole) on the dorsal surface, is a smaller area with two 
lateral horns passing down on each side of the blastula. This is the 
presumptive notochord. The presumptive mesoderm lies chiefly in 
two lateral areas behind the horns of the notochordal area. The two 
mesodermal fields are separated in the mid-dorsal line by the noto- 
chordal cells but are continuous across the mid-ventral line, so that the 
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mesoderm lies m a crescentic area in much same relative position 
that it occupies in the blastula of Amphioxus. The remainder of the 
vegetative (posterior) half is occupied by the large yolky endoderm cells. 

It will be realized from this description that the future axial struc- 
tures lie in broad bands transverse to the body axis. That is, they are 
different not only in position, but in shape, from the structures to which 
they will give rise in the later embryo. The next important step in 
de\’elopment is the re-arrangement of these presumptive areas so that 
they come to occupy their definitive positions and proportions in the 


ANT 



Fig. 9. — Dorsal view of Blastula of Bornbinatoi showing presumpti\e areas mapped 

out (Based on Vogt ) 

ANT,, anterior , d Ip , dorsal lip of the blastopore , endod , endoderm , epid , 
epidermis , L B , line marking future lips of the blastopore , L, I , limit of invagmated 
material ; mesd , mesoderm , 7trl pit , neural plate ntchd , notochord ; POST , 
posterior , S , somites 

embryo. This process is, of course, gastrulation but, because of the 
appreciable quantity of yolk present, it does not take place by straight- 
forward invagination, as in Amphioxus, but by more devious means. 

Gastrulation 

Seen from the outside, gastrulation appears to consist of the pro- 
gressive growth of the pigmented cells over the lighter-coloured yolk- 
containing cells until all but a small circular patch, the yolk-plug 
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(marking the position the blastopore), is covered. Actually, gas- 
trulation is far more complicated than this and is due to several types 
of activity going on at one and the same time, but the result is, of course, 
that the presumptive ectoderm comes to enclose the presumptive noto- 
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Fig 10 — Sagittal halt of an early Fig ii — Sagittal half of a later 

Gastrula Gastrula 

ANT , anterior ; archtn , archenteron , hhtcl , blastocoel , endod , endoderm , 
epid y epidermis, mesd y mesoderm, mi pit, neural plate, ntchd y notochord; 
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Fig. I a — Sagittal half of a Gastrula Fig. 13. — Sagittal halt of a nearly 

at a later stage than Fig ii completed Gastrula. 

ANT.y anterior; archtn, archenteron, blstcl , blastocoel; endod , endoderm ; 
epid.y epidermis , ynesd , mesoderm , ml pit , neural plate , ntchd., notochord , 
POST., posterior , ylk pig , yolk plug 


chord, mesoderm and endoderm. Gastrulation is due to a remarkable 
series of mass migrations of cells which may be termed formative 
movements and is not caused by the localised production of new 
embryonic material as was formerly supposed. It is essentially a 
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re-arrangement of material already present, ari/I it has been shown that 
whilst the cells continue to divide actively they do so at more or less 
the same rate throughout the whole embryo. There is thus at this 
stage no special region of “ proliferation ” in the frog or, for that matter, 
in any other vertebrate embrj^o. 

Although during normal development the various formative move- 
ments are perfectly integrated, it has been shown by various surgical 

experiments and by observation of 

enaoc ^ , , . . . - - ^ 

epid isolated living portions that the eirects 

are, to a large extent, independent of 
\ one another, and they can thus be con- 

veniently described separately. Firstly, 
«sl\ smaller cells of the dorsal side of 

the animal (anterior) half of the 
blastula begin to migrate towards the 
posterior end and spread out over the 
Fig 14 —A purely diagrammatical Cells of the vegetative (posterior) half, 
horizontal section of a Gastrula Then, along a small crescentic area 

showing Mesodem and Endoderm (grey crescent cells), on the dorsal side, 
being invagmated at the lateral lips ' , , . , , 

of the Blastopore way behind the posterior margin 

atchtn , archenteron ; bhtp, of the presumptive notochord, the cells 

blastopore ; endod , endodern start to roll over and migrate inwards 

beneath the outer layers. In this way 
there is formed a crescentic groove, bounded in front by the 
intucking notochordal cells and behind, by the endodermal cells. 
This groove is the beginning of the archenteron and its anterior 
margin is the dorsal lip of the blastopore. Soon the area of in- 
tucking extends laterally so that the groove becomes a wide crescent 
with backwardly projecting horns (lateral lips). Meanwhile, as 
fresh material rolls inwards over the lips of the blastopore by the 
migration of cells from the animal half, the groove becomes deeper 
and deeper so that the archenteron soon forms an extensive cavity and, 
at the same time, the blastocoel becomes diminished. Eventually, the 
blastopore becomes a complete circle by the meeting of the lateral lips 
on the ventral side and after this it becomes progressively smaller by 
gradual contraction of its margins. However, even when fully formed, 
the archenteric cavity does not extend far into the ventral part of the 
gastrula because of the accumulation there of the large yolky endoderm 
cells, some of which (yolk-plug) also lie between the archenteric cavity 
and the ventral lip of the blastopore. Whilst the intucking (invagination) 
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of ceils over the lips of ifce blastopore has been taking place, the gradual 
external spread of the small cells over the yolky cells has continued 
without interruption and the blastopore becomes progressively carried 
to the posterior end, so that by the time the ventral lip is established 
the blastopore is seen as a circular aperture near the original vegetative 
pole. Gastrulation is, then, brought about by three main processes, 
overgrowth (epiboly) or spreading of the cells of the animal half over 
those of the vegetative half, intucking (invagination) of material around 
the margins of the blastopore and by contraction of the margins (lips) 
of the blastopore. These movements are, however, accompanied by 
others which result in a gradual extension in length and a convergence 



Fig 15 — Successive stages in the development of the Blastopore as seen from the 
vegetative pole (i e , a posterior view). 


towards the mid-line of the presumptive areas of the axial structures of 
the embryo (presumptive neural plate, notochord and somites) and an 
extension in all directions of presumptive epidermis followed by an 
expansion of the lateral plate mesoderm when it has become enclosed. 
But, despite this great extension of the epidermis, some of the yolky 
cells are not enclosed until a relatively late stage in development and 
protrude through the blastopore as the yolk-plug. 

The chief result of gastrulation is that the presumptive areas on 
the wall of the blastula undergo changes in shape and come to lie in their 
definitive positions in the embryo. Thus, the material first carried in at 
the dorsal lip is endoderm (pre-chordal endoderm). It forms the 
extreme anterior end of the archenteric wall and remains continuous 
behind with the yolky endodermal cells which at this stage are not yet 
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enclosed. 'Fhey later form the sides and the hoor of the archenteron. 
The next material, m order, to pass inwards at che dorsal lip is presump- 
tive notochord. It soon forms a strip of cells in the roof and is con- 
tinuous in front with the anterior (endodermal) wall of the archenteron. 
Presumptive mesoderm begins to be mvaginated as the area of intucking 
extends to the lateral lips. It passes inwards beneath the presumptive 
ectoderm and comes to lie betv^een this and the endoderm which has 
meanwhile become enclosed to form the sides of the archenteron. It 
will be remembered that the vegetative hemisphere of the blastula, 
unlike the animal hemisphere, consisted of a solid mass of yolky 
endoderm cells. Most of these are not involved m the invagination 

process but become enclosed as a result 
of overgrowth by the cells of the animal 
half, so that in the completed gastrula they 
form a piled-up mass in the floor of the 
archenteron. With the completion of the 
blastopore, the mesoderm of the ventral 
surface is invaginated at the ventral lip 
It will, of course, be realized that the 
sequence given above merely indicates the 
order of cell migration ; the process of 
migration is a continuous one. 

Another effect of gastrulation is that, 
owing to the migration of cells to the mid- 
dorsal line and the general stretching of 
the animal half of the embryo, the roof 
and sides of the blastocoel become 
thinner, but when gastrulation is com- 
pleted the original thickness is re-estab- 
lished, though now the cells are arranged in two definite layers above 
and around the sides of the archenteric cavity, the line of demarca- 
tion between them being the remains of the now nearly-obliterated 
blastocoel. 

Gastrulation also causes a shift in the centre of gravity of the 
embryo which, in the blastula stage, floated with the animal pole 
uppermost. This was because the blastocoel, a fluid-filled cavity, lay 
almost entirely within the animal half and rendered it lighter than the 
vegetative half which was occupied by cells full of heavy yolk. The 
development of the archenteron within the dorsal part of the embryo 
gradually reduces the blastocoel, and the embryo, which is free to 
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Fig. i6. — The anterior half of 
a late Gastrula (Neurula) 

archtn , archenteron ; endod.^ 
endoderm , epid , epidermis ; 
7nesd , mesoderm , nrl fid , 
neural fold , nrl. pit , neural 
plate , ntchd. y notochord 
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rotate inside the vitellm membrane, swings round until it lies with the 
new cavity, the archentcron uppermost , that is, until the embryo 
axis is honzontaL 


The Onset of Differentiation 

It will be useful at this point to contrast the methods of differentia- 
tion of the frog embryo with those noticed in Amphioxus. In that 
example, on completion of the protoplasmic streaming, after fertiliza- 
tion, the fate of the different cytoplasmic regions was fixed and, if a 
portion of the egg was removed, then the embryo was deficient in some 
particular feature. In the frog, however, the determination of the 
embryonic regions is not final (as will be seen later) until the completion 
of gastrulation. Yet, there is a progressive determination and a gradual 
mapping out of the main regions from the time of fertilization onwards. 
For example, fertilization imposes bilaterality and the first cleavage 
plane normally determines the right and left halves of the embryo, but 
the embryo can still re-adjust itself to injury as is shown by the experi- 
ment of separating the first two blastomeres. Each develops into a 
smaller but otherwise perfect embryo. Final determination at this 
stage (and even much later stages) is confined to the grey crescent, the 
cytoplasmic precursor of the presumptive notochord and mesoderm. 
Thus, if a lateral or a dorsal half of an embryo in the two-celled, early 
cleavage, or blastula stage, is sliced off it will so re-adjust its growth that 
a normal embryo results, whereas the separated ventral halves either 
shrivel up and die or, at best, produce ventral structures only. That 
is, only those portions of the embryo which contain some of the grey 
crescent material have the power of regulating their development. 

The Formation of the Neural Tube 

By the conclusion of gastrulation the presumptive neural plate area 
has come to occupy an elongated pyriform tract along the length of the 
mid-dorsal region. It now constitutes the neural or medullary plate 
from which the brain and spinal cord will be developed. Along the 
edges of the medullary plate appear the neural folds and between them the 
medullary plate sinks downwards because of their progressive uprising 
and incurving towards the median line. Eventually, the folds meet and 
fuse with the formation of the neural tube lying beneath the re-formed 
ectodermal surface and above the notochord. 

The closure of the neural tube begins just in front of the mid-region 
and proceeds both anteriorly and posteriorly. At the front end, the 
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Fig. 17. — ^Antero-lateral \iew of a late 
Gastrula (Neurula) 

ANT, 3 anterior ; nrL fids , neural 
folds ; 7trl pit , neural plate ; sns. pit , 
sense plate ’’ , POST , posterior. 


nH fids 



Fig 18 — Transverse section of a 
Neurula showing the separation of the 
Mesoderm from the Endoderni 

or chin, 3 archenteron , endod , endo- 
derm ; epid , epidermis , mesd , meso- 
derm , nrl. erst , neural crest , nrl 
fids , neural folds , nrl pit , neural 
plate , ntchd , notochord 
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Fig. 19 — Transverse section of an Embryo through the anterior trunk (mesonephric) 
region showing the differentiation of the Mesoderm 

c.n s , central nervous system , dermtm , dermatome ; epid , epidermis ; It. pit , 
lateral plate mesoderm , myotm , myotome ; nephrtm.^ nephrotome , nrl erst , neural 
crest ; ntckd , notochord , sclertm , sclerotome , spiel , splanchnocoel ; vent pro , 
ventral process of the myotome. 
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tube remains open for a4:ime as a neuropore, but posteriorh' the neural 
folds extend laterally on each side of the blastopore which, by their 
closure, becomes enclosed. As a result of this enclosure of the blasto- 
pore, the neural canal is in continuity with the archenteron for, by this 
time the yolk plug has been withdrawn. The communicating channel 
thus formed is the neurenteric canal. 

Because of the pyriform shape of the medullars^ plate, the neural tube 
is much wider at its anterior end. This wider end gives rise to the 
brain and in it, the development of internal ridges soon indicates the 
three primary cerebral vesicles From the remainder of the neural tube 
the spinal cord is derived. 

During the differentiation of the medullary plate, there appears along 
each edge a linear tract of cells as a thickening of the ectoderm and, 
when the neural tube is completed, they lie along the dorso-lateral 
surface of the tube. These tracts constitute the neural crests and 
from them are derived the dorsal-root ganglia of the spinal nerves and 
the ganglia of the somato-sensory components of the cranial nerves. 
The development of the ganglia is metameric and their positions 
correspond wnth those of the differentiating somites. 

Further Development of the Notochord 

As has been seen above, the chorda cells in the completed gastrula 
lie, as a narrow sheet of cells, in the rmd-dorsal region of the roof of the 
archenteron. At first they are not very clearly distinguishable from the 
mesoderm lying on each side, but soon the mesodermal cells become 
separated from the chorda cells by a narrow cleft. The chorda cells 
then arrange themselves in the form of a cylindrical rod and the 
characteristic vacuolated appearance is assumed. Around the cells the 
notochordal sheath is developed. The differentiation of the notochord 
commences at the hinder end of the embryo and proceeds forwards. 

Immediately below the notochord some of the endoderm cells 
become arranged in the form of a slender rod — the hypochordal rod — 
which eventually disappears. 

The Further Development of the Mesoderm 

At the end of gastrulation, the mesoderm cells he closely applied, 
almost like a mantle, to the endoderm cells, but usually clearly 
demarcated from the ectoderm. Very soon the differentiation between 
the endoderm and mesoderm becomes apparent also, when it is seen 
that the mesoderm does not extend right to the front end of the embryo. 
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It extends as a sheet of tissue, several cells t^ick, from each side of 
the notochord almost down to the mid-ventril line, even in the region 
where the large yolk-containing cells he piled up in the floor of the 
archenteron. As development proceeds, a split appears in the meso- 
derm, the cavity thus formed being the coelom. The split first appears 
in the dorso-lateral region on each side and progresses ventralwards. 
Eventually, the two halves of the mesoderm, having now met m the mid- 
ventral line, the intervening wall thus formed breaks down so that the 
coelom extends completely around the developing gut. At the same 



Fig 20 — Stereogram of a portion of the Tiunk 
In the second to the fifth somites shown, the dermatome has been cut away 

cns ^ central nervous system , de^rntm , dermatome , epid y epidermis , It plt.y 
lateral plate mesoderm , mesonph ? , mesonephric rudiment , wyo^w , myotome , 

ml. erst , neural crest , ntchd , notochord , sclertin , sclerotome , S7nt mesd , somatic 
mesoderm , spiel , splanchnocoel , spl 7uesd , splanchnic mesoderm. 


time that these developments are taking place, the mesoderm is being 
further differentiated into its parts That lying on each side of the 
notochord forms the somite and is distinguished from the remainder — 
which forms the lateral plate mesoderm — by becoming metamerically 
segmented. Between the somite and the lateral plate mesoderm lies 
an intermediate region which forms the nephrotome and also exhibits 
metamerism. 

Each somite make three contributions to future embryonic struc- 
tures ; the myotome from which the body muscles are derived ; the 
dermatome, the mesodermal contribution to the skin ; and the sclero- 
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tome from which the ax-al skeleton is developed. Within the somite 
and nephrotome, portions of the coelom are present forming the 
myocoel and nephrocoel respectively, whilst that contained by the 
somatic and splanchnic layers of the lateral plate mesoderm is the 
splanchnocoel which becomes the general body cavity. 

Anteriorly, in the region of the phaiymx, where the development of 
the somites is interfered with by the development of the sense capsules 
(particularly the auditory" capsules) and visceral clefts, the coelom is 
restricted to a ventral portion which becomes modified and separated 
from the splanchnocoel to form the pericardial cavity. 

The Completion of the Gut 

In the description of gastrulation, it was emphasized that the 
invaginated endodermal presumptive area forms the walls of the 
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Fig 21 — Schematic sagittal half of a late Embryo 


blstpr , blastopore , c n s ^ central nervous system , endod , endoderm , epid , 
epidermis ; mesd mesoderm , netir cnl , neurentenc canal , ntchd , notochord ; 
proctd , proctodeum ; stmd , stomodeum 


archenteron. with the exception of a narrow cleft immediately beneath 
the notochordal cells The anterior and dorso-lateral walls are thin 
but the floor of the archenteron is occupied by the piled-up yolk-con- 
taining cells At the time of the differentiation of the notochord, the 
upper edges of the endoderm meet and fuse in the mid-dorsal line so 
that the roof of the archenteron is completed. 

Posteriorly, the blastopore was occluded by the yolk-plug but later 
this was withdrawn into the floor of the archenteron and the blastopore 
lost its circular shape, becoming elongated dorso-ventrally and, by the 
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meeting of the central portions of the lateral ^ps, 8-shaped. It is the 
upper portion of this 8-shaped aperture which becomes enclosed by 
the fusion of the neural folds to form the neurenteric canal. The 
lower part' marks the position of a future invagination of the ectoderm 
to form the proctodeal involution which eventually establishes connec- 
tion with the archenteric cavity. 

Anteriorly, ventral to the front end of the neural tube, a similar 
inpushing of the ectoderm appears, giving rise to the stomodeum from 
which the buccal cavity will be developed. It is from this stomodeal 
involution, in the region of the thalamencephalon of the fore-brain, that 
the hypophysis arises to contribute to the formation of the pituitary 
body. 

Within the archenteron, just in front of the piled-up yolk-contaimng 
cells, a depression in the floor marks the appearance of the liver diverti- 
culum. Anterior to this depression lies the future pharyngeal region, 
in the walls of which the visceral clefts will develop. 

{To be continued,) 



SOME ASPECTS OF BIRD MIGRATION 


By F. B. field, M.A., B.Sc. 

Ellesmere College 

The regularity of bird migration is commented upon in the world’s 
oldest literature : Homer and Aristotle, Jeremiah and Solomon alike 
bear their testimony. But it has been a matter of speculation as well 
as observation, and some of the early ideas were highly fanciful. The 
crane, for example, was believed to carry the corncrake on its back. 
Morton, in 1703, wrote an essay to prove that swallows travelled to 
the Moon, and he calculated that the journey would occupy sixty days. 
At the conclusion of his essay he naively comments, If the Moon 
be not allowed, some other place must be found.” 

For a long time it was believed that birds did not migrate, but 
hibernated, and there were many stories of swallows passing the 
winter m mud at the bottom of ponds and reviving in springtime. 
This was quoted in The Natural History of Selborne, but the great 
naturalist was obviously sceptical about it 

Animal life began in the sea, in the shallow waters by the shore. 
During the course of evolution, primitive animals became more mobile 
and began to take to the land. It is quite likely that these creatures 
would return to their original element for breeding, and so we may 
feel some justification for considering that migration may be one of 
the most ancient characteristics of the animal world. Migration is 
practised at the present time by all kinds of vertebrates except mammals, 
though not, of course, by all species. 

Theories of Migration 

Reasonable theories were not forthcoming until Victorian times. 
Shifting food supplies were at one time thought to be the cause of 
migration. This may be an important factor for insectivorous birds, 
and it explains up to a point why birds go south in the autumn, but it 
does not account for their northward movement in spring, and this is 
the more regular and in some ways the more striking phase of migration. 
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Changes in temperature have also been ^^garded as the cause of 
migration, and it is true that birds rear their young more successfully 
in a temperate climate. But evidence shows that the effect of tempera- 
ture is not more than a secondary factor A young bird only a few 
months old cannot know that the warm weather of summer will be 
followed by the rigours of winter any more than a young baby can, 
and it is sentimental rather than scientific to suppose that the bird flies 
south to escape the cold weather, as though it knew what was coming 
and how to avoid it In spite of this, considerations of food and 
temperature are commonly held to be the primary causes of migration, 
as an examination of “ popular ” books in any school library will show. 

Another, rather grand, theory was advanced by Alfred Russell 
Wallace, the friend and co-pioneer of Darwin. He attributed migration 
to ingrained habits dating back to a glacial epoch, when the southerly 
advance of the ice-sheet forced the birds to retire from northern 
lands When the ice receded, the birds spontaneously went back to 
their old homes, and in this way the habit of alternating between the 
two regions came to be part of their nature. The disadvantage of 
this theory is that it is so difficult to prove either true or false. At 
best it is a somewhat subtle piece of scientific guesswork, a hypothesis 
which might find acceptance simply for lack of a better one 

hligration is known to be an activity closely connected with breeding. 
Birds begin to migrate at a definite stage m the annual cycle of physio- 
logical changes occurring in the reproductive organs. Their periodic 
development is controlled by the annual increment of sunshine in 
springtime . Even within the British Isles we have evidence of this ; 
for example, swallows in Scotland raise larger broods than swallows 
in southern England. A most important observation, by Rowan in 
Alberta ten years ago, was that migratory crows that lingered in winter 
had diseased gonads. The gonads are activated by sunlight, and as 
the length of the day increases in springtime the reproductive organs 
become more active, and in some way the bird receives an impulse 
to be on the move. Rowan followed up his observations with experi- 
ments on crows and also on juncos. He kept one group of juncos in 
captivity under natural conditions in autumn, and another group in 
cages which could be bathed m artificial sunshine. He found that the 
gonads of the second group remained in an active state, whereas in 
the control birds they diminished in size. And the juncos remained 
m full song when the temperature had fallen as low as — 44° F. Next 
he carried out parallel experiments with crows, and released them in 
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November, simultaneo.^^sly broadcasting an invitation for reports on 
the movements of crows during the days following. The control birds 
which were shot down were, without exception, reported from places 
south of Alberta, while a large number of the experimental birds were 
shot down at places well to the north and up to three hundred miles 
away. 

Briefly, then, the increasing daylight excites the reproductive 
system, and this manifests itself in an advance to the traditional breeding 
ground It is not a complete explanation, for although it tells us why 
the bird becomes more active, it does not account fully for the fact 
that the activity takes the form of migratory flight. 

During the breeding season, the cock bird becomes very jealous of 
the territory selected as a breeding place, and, although the actual 
nursery is so small, the land around it for a considerable area is regarded 
as private, and a bird will fight to the death with any rival who dares 
to build a nest within range of his own. There may therefore be a 
problem of Lebensraum^ and the urge to migrate may be due to com- 
petition for available space. 

Observations and Data 

The most comprehensive observations of migration are made on 
small islands Fair Isle, midway between Orkney and Shetland, 
although only three miles in length, is visited regularly by over half 
the species that come to this country. Heligoland is another excellent 
station, long famous for the pioneer work of Gatke. Skokholm, in 
the Bristol Channel, is another well-known haunt both of birds and 
of ornithologists. 

The modern study of migration began in 1899 when Mortensen 
started a bird-marking scheme in Denmark. A small metal ring, 
which serves as a label, is placed on the bird’s leg, and this can be 
returned to its station from the place where the migrant settles down. 
Millions of rings have been used, and although only a small proportion 
of them may be sent back, the statistics represent the movements quite 
reliably. In this country the work is supervised by the Bird Room 
of the British Museum. In the United States the American Bird 
Banding Association ” is a flourishing body. 

Nocturnal Flight 

Most birds, especially the smaller perching birds, migrate at night. 
This explains why, although everyone knows about bird migration. 



200 


THE SCHOOL SCIENCE REVIEW 


only a small proportion of people have ever ob^rved it for themselves. 
More have seen swallows collecting m flocks, sitting on telegraph wires 
m the late afternoon. Birds fly during the hours of darkness for two 
reasons : first, for safety, and second, to ensure a plentiful food 
supply. Birds are voracious creatures, and they do not carry large 
reserves of fat which they could draw upon during long hours of flight. 
Therefore they fly by night and spend the daytime feeding and 
resting. 

Nocturnal migration has often been described by astronomers when 
flocks of birds have flown across the face of the moon as they viewed 
it through their telescopes Pilots of aeroplanes often report meeting 
huge flocks of migrants, and some naturalists have described hearing 
the calls of migrant birds when it was too dark to see them. Light- 
house-keepers have plenty of evidence of the colossal scale of nocturnal 
migration Countless thousands of birds meet their death every year 
by dashing themselves against the lighthouse. Birds seem to come 
under a fatal fascination for the light and fly round and round until 
they fall exhausted into the sea. Eagle Clarke, one of the best known 
English Bird Watchers, making observations on the Kentish Knock 
Lightship in 1912, related how one particular kestrel careered round 
and round the light from 8 p.m. until i 30 a m., rushing wildly towards 
the light and suddenly sheering away, over and over again. Mortality 
is particularly severe in foggy weather. At a number of lighthouses, 
perches have been provided by the Royal Society for the Protection 
of Birds, and this body has advocated a red light instead of a white one. 


Altitude and Speed 

Very few birds normally fly at heights above three thousand feet : 
most small birds remain within one thousand feet of ground level. 
Until scientific data were forthcoming, many birds were credited with 
flying at enormous heights, up to forty thousand feet. It was believed 
that at these great altitudes the birds gained by the lowered resistance 
of the air to their motion and became independent of the effects of 
contrary winds. But it is not difficult to think of biological objections 
to the idea, and the evidence of aeroplane pilots on this question 
is final. 

Similarly, in the matter of speed, it used to be quite a vogue to 
believe the most extravagant estimates. Gatke claimed to have timed 
birds over a distance of about four miles in just under a minute. The 



SOME ASPECTS OF BIRD MIGR.A.TIOX 


201 


following are the generally accepted 
typical birds : 

Crows 
Geese 

Small perchers 
Swifts 


estimates of the speeds of a few 
30-45 m.p h. 

• 42-55 m.p h. 

20-37 

50-70 m.p h 


These are the normal speeds over hours of flight : they can maintain 
higher rates for short bursts. Birds can obviously cover distances of 
several hundred miles in a day, and it has been reported that birds 
captured in New York sometimes contain in their crops rice grains 
picked up at least seven hundred miles away. 


WEA.THER Conditions 

Migration is not so dependent upon weather as we might suppose. 
It is true that birds do not set out on their long journeys if the weather 
IS unfavourable, but if, after setting out, conditions deteriorate, the 
birds do not interrupt their flight. wSometimes they run into very bad 
weather and thousands of birds may perish in a bad storm, but they 
will fly on until they are exhausted. Fog confuses their sense of 
direction,” strong headwinds cause delay and fatigue, but perhaps 
snow is their worst enemy. A tragic report came from U.S.A. in 
1907. Flocks of birds flying over the lakes of Minnesota ran into a 
bad blizzard, and a few days later the bodies of hundreds of thousands 
of dead birds were found on the ice. The migrants had lost their 
'' sense of direction,” struck the ground in full flight and had been 
stunned to death. 

Ordinary variations of weather have little effect, though many 
birds have a marked preference for taking to the air during anti- 
cyclones. It is a popular belief that if summer migrants leave the 
country earlier than usual, a hard winter is sure to follow. There 
may appear to be a little foundation for this idea, but it is difficult to 
believe that birds have the sagacity to predict the weather two or three 
months in advance. This is little more than an old superstition, 
widely believed because it is occasionally, and accidentally, true. 


The Journey 

The distances covered by some birds are enormous ; the Arctic 
Tern holds the record. This bird nests within five hundred miles of 
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the North Pole and winters on the Antarctic Co^itment, eleven thousand 
miles away. The Arctic Tern must enjoy more sunshine than any 
other living creature, spending its time as it does in the perpetual 
daylight of polar summers. 

The Golden American Plover breeds along the Arctic shore of 
Canada and spends the winter months in the Argentine. It is peculiar 
that this bird does not use the same routes on its outward and return 
journeys. In autumn it follows the Atlantic coast of Labrador and 
Nova Scotia and then crosses the ocean, via Bermuda, to the South 
American continent. Next spring it returns over the Central American 
isthmus, crosses the Gulf of Texas and flies up the Mississippi valley 
and over the mainland to its breeding ground 

Some of our own migrants undertake very lengthy journeys : 
swallows and wagtails are among those that go to South Africa. 
Crossing two thousand miles of ocean, as the Golden American Plover 
does, is a remarkable feat, but perhaps it is even more strange that a 
water-loving bird like the Wagtail should successfully fly across the 
Sahara without a single halt. Over seventy European visitors are 
known to winter regularly at the Cape, including the Stork, which has 
recently been used by the Dutch for sending uncensored messages out 
of Nazi-occupied Holland. 

How do birds find their way ? Do they recognize landmarks : 
mountains, rivers, islands and capes ? There is a good deal of evidence 
that they do. For example, birds are known to congregate on lonely 
islands, but, on the other hand, they regularly fly across the ocean and 
the fact of nocturnal migration raises further difficulties. The way 
in which a bird will leave its summer home and fly south, and come 
back next year to the identical spot is most uncanny, but there are 
plenty of authentic cases of their doing so. A young cuckoo flying 
south on its first migratory journey cannot recognize the way because 
it has never made the trip before. Furthermore, it is not accompanied 
by its parents, for the older birds move south several weeks before the 
young ones 


An Unsolved Problem 

We do not really understand how birds come to undertake these 
flights, and we have very little idea how they find their way. There 
must be some kind of mechanism setting them off, some kind of 
mechanism guiding them on their journey. Experiments were being 
carried out in Poland to test a suggestion that terrestrial magnetism 
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might play a part m north and south migration, but these were inter- 
rupted by events in September, 1939. 

We may well believe that a bird enjoys flight : it looks an eminently 
pleasurable and exhilarating experience. But it is also an arduous 
business and proves fatal to large numbers of birds. Indeed, migration 
is one of the means by which the less hardy individuals in a flock are 
weeded out and a premium placed upon survival value, towards which 
the ‘‘ Migratory Instinct makes an important contribution. 

It is a commonplace to say that birds and other animals possess 
a sense of direction far more acute than our own. This is merely 
stating the problem of migration in different terms, and it is in no 
sense an explanation. There is something fundamentally astonishing 
in the simple fact that the single fertilized germ-cell of an embryo 
contains within itself the means by which its later division and differ- 
entiation is controlled. The primary embryonic cell of any animal 
develops naturally into the mature specimen of the species. Cats do 
not have puppies, neither do dogs have kittens. The young fledgling 
emerging from the shell is equipped, not only with the same physical 
paraphernalia as its parents, but also with the same traditional habits 
of correct behaviour. It knows how to build its nest : it knows what 
kind of food to look for : it does not require to be taught the technique 
of mating, and it possesses the secrets, unknown to us, of migration. 
Secrets they will remain until we have a much more accurate insight 
into animal instincts altogether. In fact, the birds will have to be 
p sy cho - analysed . 

For further reading : 

Birds as Animals : James Fisher. (Heinemann ) 

Birds of Great Britain W. P Pycraft (Williams & Norgate.) 

Migration of Birds : Wetmore. (Harvard.) 

Personality of Animals : H. Munro Fox. (Pelican Book.) 

The Countryman^ numerous references. 
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I. The Animal as a System 

Among the older school of morphologists there was a tendency, perhaps 
unconscious, to regard animals as things in themselves,’’ to use 
Aristotle’s phrase, and to study them as objects, more often dead, 
without relation to their environment. The attentions of physiologists 
and ecologists now emphasize the ultimate interdependence of all 
matter, living or dead. As Elton [i] has said, animals may more 
truly be regarded as little bits of the environment temporarily formed 
into systems and through which energy continues to flow. It is the 
direction of this flow which is organized to form the animal and not 
just a static agglomeration of formal materials It is ultimately as im- 
possible to think of an animal without its environment as to think 
of oneself without things to think about. 

The sum of processes known as an animal’s metabolism, by which 
dynamic equilibrium with the environment is maintained, is governed 
by the same physical laws as the relations between inanimate objects, 
and this leads us to the concept of the whole material world being 
mutually interdependent, every process that takes place being ultimately 
expressible as an equation, if only we knew the terms. Of course, 
they are too complicated for us ever to know them in their entirety, but 
we are able to make abstractions which are perfectly valid for the 
progress of scientific thought. The nitrogen cycle is an example : 
the idea is of a gigantic background perpetually in movement according 
to physical laws, and against this animals appear as foci causing a 
temporary canalizing of this movement, but in no way altering its real 
nature. 

Of course, there are inanimate systems which focus energy in 
certain ways, but as soon as life appears, there is a new feature involved, 
and it is this element which is of importance here. The system which 
an animal forms is in physical terms, as Young [2] has pointed out, 
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an '' improbable ” system, and the more advanced the animal, the 
more '' improbable ’’ is the system it constitutes. We may now speak 
of an animal using ’’ its environment inasmuch as it directs to some 
degree the change that is going on. The degree of use dictates the 
place which the animal will occupy ecologically and how it will be 
related to others in the hierarchy of animal relationships ; also in 
another dimension how it 1$ related to its ancestors ; in other words, 
how it has evolved. 

These two aspects therefore are the most striking and important 
in a study of the relationship between an animal and its environment : 
the way in which an organism maintains its character and continuity in 
the face of the disintegrative effect of environmental forces, and the 
way in which an organism varies^ so as to make evolution possible. 

2. The Constancy of Organisms 

This first aspect, the constancy of an organism, is what the taxono- 
mist 1$ expressing in his classifications. The concept of the species 
as the main taxonomic unit is a perfectly valid one for many reasons, 
which cannot be gone into here. Chief of these, however, is the bar 
to interbreeding, once the hereditary factors become too unadjusted 
to pair. The behaviour of the chromosomes therefore constitutes one 
of the main factors preserving the stability of an organism, but the 
same mechanism also provides a way of ensuring variability within 
safe limits. 

If an organism starts out upon life at the moment of fertilization 
with the datum, as it were, of its hereditary constitution, it follows 
that slight movements in one way and another in the equilibrium 
between it and its environment will produce variable phenotypic 
effects. A given factor will produce different effects according to the 
conditions to which it is subjected. This is shown in the common 
effect of rate genes, affecting, for example, the speed of deposition of 
melanin in the eye of Gammarits or the speed of sexual differentiation 
in Lymantria. 

3. Genic Interaction 

Before discussing more broadly the interaction of organisms with 
their external environment, it is necessary to be quite clear about the 
process of genic interaction. In so far as a character may be modified 
by the presence of a genetic factor, or factors, other than the one 
most directly responsible for it, every character is affected by all the 
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genes, so that in one sense a gene is as much a unit without meaning 
as a wheel out of a clock If this is so, a factor will react within its 
internal environment, i.e., the rest of the gene complex, and demonstra- 
tions of this fact are not wanting. Among many other examples, the 
most important is the decrease in viability of an organism into which 
a mutant gene is introduced. The gene complex is unadjusted, but 
if the stock is inbred for several generations, sufficient recombination 
will take place for the mutant gene to find itself in different internal 
environments. Selection will naturally act to preserve those in which 
the least decrease in viability is exhibited, which has obvious evolu- 
tionary implications However, the point to make is that a particular 
character will vary not only according to the physical or biotic factors 
influencing it from without, but also ab initio according to the genetic 
constitution from rvhich it springs. 

The phenomenon of crossing over, also, exerts a most important 
influence on evolutionary progress, as upon specific stability. Darling- 
ton [3] has shown that this is of almost universal occurrence and its 
purpose is to ensure regular pairing of the chromosomes (in male 
Drosophila chiasma formation takes place without crossing over), and 
also to break down the effects of linkage, which curtails the amount 
of possible recombination. Crossing over is mentioned further below. 

4. The External Environment. Limiting Factors 

When we turn to the external environment, we find that although 
its effects are obvious, nevertheless, they are very difficult to analyse 
with any completeness. The whole subject of ecology deals with 
this, and although it is often clear that such and such adaptations fit 
an animal for such and such a niche in a community, it is not always 
clear what are the limiting factors which prevent its straying even a 
little way out of such a niche 

The crux is to narrow down the limiting factors ; clearly, in a 
broad way, life is limited by upper and lower thresholds of certain 
factors. A certain amount of water must be present, a deficit necessi- 
tating disproportionately elaborate adaptations, such as diapause in 
insects and aestivation in vertebrates ; a narrow range of temperature 
must be preserved, since the complex protein molecules of protoplasm 
can withstand neither freezing nor an excessive rate of metabolism, 
which breaks them down ; light, food supply, oxygen, etc., must all 
be available in appropriate quantities. 
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5. Independence ” of the Environment 

Within these limits, therefore, life is possible, though naturally an 
optimum is sought at which the animal may be most elRcient, This 
efficiency consists in maintaining the unity of organization in the face 
of the constant flux of energy passing between the animal and its 
environment. Thus we must beware of regarding lower ” organisms 
as in any way less efficient than “ higher ” ones, since they maintain 
and reproduce themselves equally well. However, the terms must 
obviously have important meaning, and the relationship between animal 
and environment is nowhere more clearly traced than in the progress 
towards greater use of the environment shown in higher animals. 

Such progress is well illustrated by the evolution of the nervous 
system (Young, loc. cit.), for this is one of the most obvious criteria 
by which the degree to which an animal is en rapport with its environ- 
ment can be judged. In many lower organisms, the tissue fluids 
have an ionic composition almost the same as the medium in which 
they live. It would be superfluous for them to have elaborate means 
of being informed of small changes in their surroundings, since they 
need not be continually making adjustments to preserve their organiza- 
tion. However, as soon as dry land was colonized, a far more compli- 
cated relation came into existence between organism and environment, 
which probably accounts for the fact that no such colonization occurred 
until fairly late in geological history, when animals had already attained 
a high degree of organization. Not only must the basic physiological 
adjustments be made to prevent drying up, collapsing, or suffering 
from osmotic disturbances, but finer detail in manipulating the 
environment is necessary. 

The simple arrangement of receptor-connector-effector becomes 
elaborated in all its aspects. 

(i) Receptors become able not only to detect smaller changes in 
stimulation, but quite new imports : auditory receptors register not 
merely changes in pressure, but respond differentially to sound waves 
and even to patterns in sound ; similarly with vision and chemical 
senses. Not only are there more receptors to each kind of stimulation, 
but many kinds of receptor are concerned in one effect. 

(3) Effectors, which originally moved the whole animal, become 
specialized for making more finely adjusted movements, and the com- 
plex musculature of insects and vertebrates contrasts with the simpler 
type of, for example, an annelid. 

14 
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(3) The development of the connector system, the central nervous 
system proper, is the greatest advance. In this way integration is 
made possible and new kinds of responses appear, which are not the 
result of a number of discrete stimuli, but a reaction to a situation as 
a whole. 

Still further an elaboration is that of conscious or directed action, 
where previous experience is invoked in modifying behaviour In 
man, the control of the environment appears m the highest degree, 
though the basic restrictions still operate. 

6- The Extern.a.l Environment. Physical Factors 

Having realized, therefore, the varying degrees of influence which 
organisms may have upon the environment, as one goes up the scale 
of the animal kingdom, it will be profitable to survey the various 
factors, which constitute the external environment, in more detail. 
The discussion must of necessity be scrappy, since it must waver 
between giving examples and showing principles at work. This may 
emphasize the complexity of the subject. 

In addition, it should be remembered that to abstract any of these 
factors and consider it alone is only a convenience and in reality all 
other possible factors, which compose the complex of the environment, 
must equally be taken into account. Thus the perfectly controlled 
experiment is a thing difficult to achieve. Even when the main factors, 
light, temperature and humidity, have been correctly evaluated, there 
are others which exert an effect, such as pressure, which has consider- 
able importance among other things on gaseous exchange in respiration, 
movements of the medium, for example, air currents and flow of water, 
oxygen tension and generally the gaseous composition of the medium, 
and the hydrogen ion concentration, which has sometimes very marked 
limiting effects upon an animal’s distribution. These few examples 
help to show how difficult is the ecologist’s or physiologist’s task, 
when he sets himself to analyse an animal’s environment. For a 
further discussion of this aspect of the subject the reader may be 
referred to Chapman [4]. 

Of the basic limiting factors before mentioned, temperature is of 
the utmost importance. The methods adopted by animals for seeking 
out and preserving an optimum temperature environment are varied 
in the extreme, as are also the physiological adaptations to this end. 
Most of the lower organisms are at a disadvantage in that they have 
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no means of creating an environment of their own and must function 
at the temperature of surrounding conditions. “ Seeking ” is executed 
by simple tropisms ; the avoiding reaction of, for example, Paramecium 
almost achieves the required result by simple trial and error. As we 
ascend the vertebrate scale, however, homoiothermy becomes more 
effectively developed, until in birds and mammals we find the highest 
degree of use of the environment. Here the temperature of the 
organism is regulated to a more or less constant level, and it is achieved 
more by heat loss than by heat production. This is well shown by 
the difference between any eutherian mammal, where the respiratory 
rate increases with an increase in temperature, so that more heat is 
lost via the lungs, and a primitive form like Echidna, where the respir- 
atory rate decreases, until suffocation supervenes (see Borradaile [5]). 

The advantages of homoiothermy are well illustrated by some of 
the facts of geographical distribution. The tropics show an immense 
abundance of poikilothermous animals, but these peter out northwards 
and southwards towards the poles, whereas “ warm-blooded ” animals 
are equally represented all over the world. In high north latitudes 
the land fauna is mainly composed of mammals and birds. The 
insects are an apparent exception to this, but they have achieved a 
wide range of tolerance only by the most far-reaching adaptations 
entailing a long resting period. It is noticeable that the vast majority 
of Arctic and Antarctic birds and mammals live on marine organisms, 
for in the sea there is far more homogeneity of population from north 
to south, since among other reasons there is a less wide range of 
temperatures. It should be remarked, however, that homoiothermic 
animals may only be adapted to a small range of temperatures : the 
Alaskan fur-seal suffers great discomfort if the temperature rises much 
above 40° F. (see Elliott [6]). 

Nowhere is the control of the environment more clearly demon- 
strated than in the migrations of birds. These vary in degree, but 
in the most extreme cases, such as the curlew sandpiper (Calidris testacea) 
and the Arctic tern {Sterna macrura), journeys totalling between 10,000 
and 20,000 miles a year may be made to ensure breeding in optimum 
conditions. 

An aspect of the temperature factor in the environment, which is 
connected with the migratory habit, is the occurrence of rhythms in 
temperature variation. These are of course chiefly diurnal and annual 
and to them animals become adjusted physiologically. The effect of 
the diurnal rhythm on the life of most animals is obvious, yet it is 
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interesting to find that even in the Arctic, where there is continuous 
daylight in the spring, this rhythm persists, and from about ii p.m. 
to about 2 a.m. song and general activity cease. 

Breeding rhythms are undoubtedly broadly connected with tem- 
perature, though It is so fashionable now’adays to work upon light 
as a factor which stimulates breeding that other equally essential 
aspects have suffered neglect. Many marine organisms are dependent 
upon temperature for their breeding rhythm (see Orton [7]), and this 
applies equally to many land animals. The interaction between the 
metabolism of insects and effective temperature exhibits so constant 
a relationship that it can be formulated as the temperature-sum rule 
(see Bodenheimer [8]). Thus longevity in insects is a function of 
effective temperature ; if the latter rises, life is shortened, and if it 
falls, life IS extended. This applies particularly to the embryonic 
period. 

So markedly do insects show themselves to be dependent upon 
environmental conditions that Bodenheimer has applied a series of 
indices, whose value expresses the effect of each environmental factor 
upon an insect’s longevity or “ success ”, to estimating the degree to 
which that insect will flourish in any given circumstances. The sum 
of these is known as the “ bonitation index.” 

However, if breeding rhythms in higher animals are ultimately 
controlled by physical factors, as with insects, the relationships are 
much more obscure and many intermediate factors are interpolated. 
Baker [9] and other authors have rightly insisted that, although the 
ultimate cause of breeding may be the coincidence of environmental 
circumstances favourable to the upbringing of the young, proximate 
causes and the mechanisms through which they work may be extremely 
varied. Naturally, in poikilothermic animals, temperature puts a 
check on breeding by stopping activity when it passes below a certain 
threshold ; in warm-blooded animals there are more complications. 
A long period of gestation may mean that sexual activity must take 
place in extreme cold for the young to be born in favourable climatic 
conditions. Thus internal rhythms may be developed, which may 
act in co-ordination with external stimuli, or may merely be “ kept 
on the rails ” by them. The endocrine system in many vertebrates 
has been shown to control breeding and to act as a mediator between 
changes in the gonads and in the external environment (see Rowan 
[10], Bissonnette [ii], Marshall [12], etc.). 

Leaving rhythms, we may now briefly consider geographical varia- 
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tion in connection with environmental factors. It becomes difficult 
here to treat temperature by itself, so other elements will come in with 
it. The whole question of plans or schemes underlying such variation 
has been treated well by Rensch [13], who points out that both Arten- 
kreise, or systems of species composing a genus, and Formenkreise, 
or systems of forms composing a species, are the result of a dynamic 
interaction between the power of expansion of a species or genus and 
the modifying effect of the environment. Certain special tendencies 
are observable again and again : there is, for example, Bergmann^s 
Law, which states that of nearly related warm-blooded animals the 
larger occupy the more northerly districts (for example, European wrens 
of the genus Troglodytes). This is probably a temperature effect, since 
greater bulk means less relative surface area. Allen’s Law’ states 
that the extremities of mammals living in high latitudes are smaller 
than those living nearer the equator, and Gloger’s Law’ remarks the 
greater tendency to paleness and greyness of northern mammals and 
birds. This last may be a humidity effect. 

Innumerable examples of such geographically '' patterned ” varia- 
tion could be given, and these are not ahvays simple trends from 
north to south and east to west, as in the willow tits {Pams atricapillus), 
quoted by Rensch. The races of blue-headed w’agtail {Motacilla flava) 
show a central stock of the type in central Europe wuth various races 
radiating off and varying in different characters. Northwards and 
southwards are darker races {M,f. thunbergi and M /. cinereocapilld)^ 
eastwards is a paler one (Af/. beemd)^ and westwards a yellower one 
(M*./. rail). Such gradients may also exist in the proportion of poly- 
morphs (see Southern [14]). 

Huxley [15] has pointed out more precisely the nature of these 
geographical gradients and has suggested that the more detailed 
description of these dines — to use his term — would be of great use to 
the normal taxonomic procedure. 

A word must be said about variation and the environment from 
the genetic side. In optimum conditions, the cross-over value between 
two factors is usually fairly small, but as soon as, for example, tem- 
perature falls below, or rises above, this optimum, cross-over values 
increase greatly. This is very significant and shows one way by 
which variability may be increased, when conditions are not ideal. 
Among the recombinations thus produced, some may be more adapted 
to live under the new circumstances. It is noticeable that in a stock 
of Paramecium^ ordinary fission will go on almost indefinitely while 
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conditions are good, but as soon as any unfavourable factor appears 
conjugation takes place. 

A great deal more might be said about the relations existing between 
animals and particular environmental factors. Much work has been 
done recently illustrating the importance of light in controlling the 
breeding seasons of animals. The stimulus acts by the mediation of 
the pituitary and for some species a cycle in cellular activity has been 
traced in this gland. The migration of plankton is another noteworthy 
instance of the effect of light. 

Humidity is of great importance in many cases, and the peculiar 
characters of desert faunas (see Buxton [i6]), both physiological and 
morphological, show how many are the ways in which an animal 
may avoid drying up. Other effects are seen in, for example, wet and 
dry season forms of some Lepidoptera (see Poulton [17]) and m many 
cases breeding seasons in the tropics may be controlled by the incidence 
of the rains. Other factors of the medium m which animals live exert 
their effect — e.xposure, wind force and direction, pH of the soil and 
(in aquatic communities) salinity, wave-action, type of substratum, etc. 

As a final note on the physical factors of an animal’s environment, 
we may consider briefly some of the less obvious changes necessary 
for an animal to progress from a marine to a fresh-water and then to 
a land habitat — the most important evolutionary steps that were taken 
— and the degree to which these changes implied increasing indepen- 
dence of the environment. In many forms of marine invertebrates, 
the tissue fluids have roughly the same ionic composition as the sur- 
rounding medium, so that no osmotic upsets are likely. A change 
into fresh water implies some method of preventing the ions in the 
blood from escaping by osmotic pressure. This is achieved by pre- 
venting exchange in all but a small area of the body — hence gills — 
and making this region impermeable to salts. A hypotonic urine is 
excreted to carry away the water that is constantly entering. This 
change also implies an intermediate condition in which the animal 
is able to exist m a wide range of salinity conditions. The change 
to dry land is even more complicated, because of the necessity for 
preserving surfaces for exchange and yet keeping them moist. The 
surface membrane of lungs has to be thicker than that of gills on this 
account and exchange is not so efiicient. Even greater difficulties are 
associated with reproduction, and the evolution of the embryonic 
membranes alone have made it possible to cut out the links binding 
an animal to an aquatic life. The whole subject is excellently reviewed 



THE ant:mal and its environment 


213 


by Baldwin [18]. However, once achieved, these adaptations have 
made it possible for almost any environment in the world to be occupied. 

7. The External Environment. Biotic Factors 

The other large class of factors with which an animal comes into 
contact are the biotic ones, i.e., surrounding forms of life, whether 
plant or animal. It is not proposed here to deal with the general 
principles of animal ecologj.’’, which have been well expounded by, 
for example, Elton, Chapman {op. cit.), but to touch on one or two 
aspects of the relationships existing between animals living in the 
same community. 

In the first place, there are what may be called destructive relation- 
ships, such as that between predator and prey. Many biologists do 
not realize, and indeed it calls for a great effort of the imagination, 
the amount of destruction that does go on. Darwin [19] with char- 
acteristic insight realized it and also realized the vast nexus of such 
relationships, which thread their way through an animal community. 
His concept of the struggle for existence may involve something 
metaphorical, as he himself admitted, but the situation cannot be 
expressed better. In this matter also increasing independence of the 
environment is observed, as we go up the scale of the animal kingdom, 
inasmuch as increasing care of the young means producing less, so 
that a vast surplus is not needed to ensure the survival of one or two. 

Even with slowly reproducing animals, however, the potential rate 
of increase is very high. Both Darwin, in more simple language, and 
modern biomathematicians have shown that populations increase at 
the beginning exponentially and that the asymptote of the logistic 
curve, which expresses the normal (as apart from the potential) growth 
of a population, owes its character to biotic factors (see Pearl [20]). 

Modern students of the balance and fluctuation of animal popula- 
tions are divided between attributing population control to density 
dependent factors, for example, predatism (Nicholson [21]), and to such 
relatively stable factors as climate (Bodenheimer, op. cit.), but it seems 
difficult to discriminate in such a case. 

Naturally, as Darwin saw, competition for food supply will be a 
potent limiting factor to population increase and particularly so between 
members of the same species. Many adaptations in behaviour spring 
from this, one of the most interesting of which is the system of occupy- 
ing territories seen in many vertebrates and particularly in birds. 
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The work of Eliot Howard [22] in particular has shown the indispensa- 
bility of territory possession in some species for successful reproduction. 
Males without such dominions simply do not get mates and are thus 
eliminated. Linked with this is the whole important question of 
aggression in colouring and behaviour, which gives an advertising 
advantage to an animal in competition with others. Mullerian mimicry 
in Lepidoptera and other groups (Hale-Carpenter and Ford [23]) fs 
one example of this use, while the subject is reviewed at some length 
by Hingston [24]. 

In opposition to all this there are constructive relationships between 
animals Flocking and social life generally represent the appearance 
of a higher unit than the individual, thus increasing the chances of 
race survival. This is even shown to apply to birds, whose nesting 
colonies have the appearance of mere social gatherings, but in reality 
are necessary to the successful carrying out of the reproductive function 
(Fraser Darling [25]). 

Among the most remarkable of such relationships is that of sym- 
biosis. There are many degrees of this, varying from commensalism, 
where two animals of different species derive a common advantage 
from a close association, to symbiosis proper, where the one cannot 
live without the other, as in the case of the fiat worn Convolute and 
its symbiotic algae. 

Parasitism is not quite a constructive relationship except for the 
parasite, and yet it is not wholly destructive of the host, for this would 
defeat the parasite’s own ends. Nevertheless, it really represents a 
special aspect of the predator-prey relationship. 

Finally, a most interesting direct physiological affect of association 
may be mentioned. In locusts, the close contact of numbers of 
hoppers actually affects the animals’ metabolism, so that a new phase 
appears, distinguished both morphologically and by behaviour, for it 
is migratory and forms into the swarms of fiying adults that are so 
proverbially vast and destructive. This change seems to come about 
in no other way than by the heightened activity caused by close associa- 
tion (see Uvarov [26]). 


8. Conclusion 

Such, roughly, are some of the physical and biotic factors which 
enter into the complex, which we call an animal’s environment. It has 
been impossible to speak of them as if they were not in some way 
separate from and outside of the animal, but fundamentally such an 
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outlook IS fallacious, as explained earlier. So long as the full complica- 
tion of the situation is realized, investigation and discussion of abstracted 
elements are of value. This is, in fact, the only way of tackling any 
problem, but the necessar}^ premise must not be overlooked. 
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NOTE ON THE POLLINATION OF AUCUBA 
JAPONICA, THUN. (THE SPOTTED LAUREL) 

By E M. DELF, D.Sc Lond.^ 

Aijcl BA JAPONICA, Thuii , the spotted laurel, is a dioecious plant fre- 
quently to be found in shrubberies and gardens. The flowers are 
erect upon a rather stiffly upstanding raceme with somewhat distant 
internodes. Both male and female flowers are inconspicuous, but at 
the top of the inferior ovary there is a fleshy disk which secretes nectar 
plentifully for several days when the weather is not too dry. 

Early in June, 1941, I was asked by a teacher of Science of much 
experience how pollination occurred (if it occurred) in Aucuba, as she 
had been unable to find any reference to the plant m Knuth’s Handbook 
of Flower Pollination, a work of encyclopaedic proportions. I could 
not give any very definite answer, though I recalled that bushes in 
the garden of Westfield College (Hampstead) were freely visited during 
flowering by many (unidentified) black flies. The female plants there 
usually fruited abundantly. 

The flowering period of Aucuba in the Botanic Gardens at Oxford 
was not yet ended, when, a few days later, an opportunity arose for 
an investigation into the matter. This was made jointly by four 
students, J, Cooke, J. M. Millard, E. Griffiths and M. Spoor, taking 
Honours courses in Botany for the London B.Sc. degree. Observations 
in the open were followed by a study of the pollen found in the anther 
and on the insects. 

The morning chosen was sunny with cloudy intervals, rain having 
fallen previously. The disks of even old flowers glistened with nectar. 
Five bushes were observed ; two females in the same bed well separated 
py a number of trees and shrubs, the latter including a small male 
bush as well. This bed adjoined a lily pond. Two other plants of 
opposite sex were also observed. These were about 100 yards from 
the others, separated from them and from each other by the building 

^ And certain members of the Department of Botany, Westfield College, 
University of London (now evacuated to Oxford). 
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of the Herbarium. The female plants ^\ere all bearing numerous 
ripe berries as well as flowers. 

The bushes were haunted by numerous insects. Small ones pre- 
dominated, but much larger black flies were also flying around, although 
these were not seen actually visiting the flowers. The small insects 
(resembling midges) were seen resting on the foliage, flying among 
the leaves and visiting the flowers. A number were caught in wide- 
mouthed bottles containing chloroform vapour. Insects from the male 
and female plants were kept in separate bottles ; both proved on 



examination to have pollen grains among the bristles on legs, wings, 
antennas and abdomen. One insect (collected by E. Griffiths) had 
a whole anther attached to it. 

After some difficulty, grains from the insects were isolated and 
measured. Pollen was also collected from anthers of male flow^ers 
and was found to compare closely in form and size with that on the 
flies. The characteristic triradiate grooves and the finely granular 
appearance are shown in Fig. ic. The same type of pollen was finally 
found on the stigmas of female plants, some of the grains having 
germinated. 
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Some of the insects were submitted for identification to Dr. B hi. 
Hobby of the Department of Entomology, Oxford University hluseum. 
He kindly informed us that the insects included various species of the 
Chironomidse (midges) ; that they had aquatic larva and probably 
bred in the adjoining pond. Subsequently he sent five specimens to 
Mr. H. Britten of Manchester, who determined them as — 

Culicida : Chaoborus crystalKnus Deg. 

Chironomida : Crtcotopus tibialis Mg. 

ChironomUi pedellus Deg. 

., sp. indet. 

Tanytarsus eminulus Walk. 

Of these, apparently Cricotopus tibialis has not previously been recorded 
from Oxfordshire. 

The figures were made from drawings made by J. Cooke under 
ordinary class conditions and do not pretend to exactness of proportion 
or detail. Fig. lA gives quite a good idea of the general aspect of 
one of the insects (female, probably a Tanytarsus). The pollen grains 
were observed and drawn under the high power (one-sixth) of an 
ordinary student’s microscope. It is a pleasure to add that the observa- 
tions and drawings owe much to the help and stimulation of Dr. Mary 
Calder, who has recently become a lecturer at the college. 

From the observations recorded there can be no doubt that 

(1) midges are attracted by both male and female flowers of Aucuba, 

(2) pollen grains and even anthers are carried on the bodies of the 
insects, which fly from one plant to another. 

It is notable that no other kind of pollen was found on the insects, 
although the small flowers of Ruscus aculeatus were open on closely 
adjoining plants. No other insects were seen actually to visit the 
flowers of Aucuba, although observations were made on several occasions 
to determine this ; moreover, when a few days later all the flowers 
had withered, no more midges were seen around the bushes. It seems 
therefore that the midges were here the effective pollinating agents. 
It is not suggested, nor indeed likely, that the midges are the only 
effective agents. The nectar is so exposed and so abundant as to be 
obviously accessible and attractive to any short-tongued insect, and it 
is hoped that further observations may be possible next summer, 
beginning earlier in the flowering season. 

It may be of interest to add that shortly after the withering of the 
flowers all the ripe berries had disappeared. 
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Apparatus for Determination of Back E.M.F. of Electrolytes (W H 
Dowland and N Herbert) 


Large platinum electrodes are 
used, and are held rigid by warm- 
mg them and then sticking them on 
to glass plates covered with molten 
paraffin wax : pressure betv^^een 
thumb and finger will ensure good 
contact all over the glass plate, and 
the foil is held flat when the wax 
cools. 

If the plates are immersed parallel 
and vertical in a beaker J full of 
molten wax, which is then allowed 
to set, they will be held rigid, and 
experimental liquids can then be 
poured m on top of the wax . most 
liquids used in simple conducto- 
metry do not attack wax . Terminals 
of the Daniell cell type maybe used 
to make contact with the platinum 
foil. 

The usual type of platinum elec- 
trode, consisting of a piece of foil 
welded to a short piece of wire, is v 



ery easily broken or deformed, whereas 



/\AAAAAAAA/'v^AAAAA/^ 
l/ar/able resistance 

III 

Accumulators 

rigid ones made as described can be used over and over again without any 
trouble. Moreover, this type of cell has the further advantage of being very 
easy to fill and clean. 
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With bright platinum electrodes, and ordinary bench dilute sulphuric 
acid, the back E M.F. is about 2 2 volts. If the electrodes are platinum 
blacked (by electrolysing a 2 per cent, solution of platinic chloride with a 
httle added lead acetate or formic acid, the current being reversed every 
half-mmute for about ten minutes) this back E.M.F. is reduced to about 
1*8 volts. 



The voltage applied to the cellis conveniently varied in steps of o 25 volt, 
as registered on a 3 -volt voltmeter of resistance about 100 ohms, and the 
current is recorded on a i-amp ammeter. A Zenith variable resistance, with 
a maximum of about 12 ohms, is used as a potential divider 

Charles’s Law Apparatus (W. H. Dowland) 

A conamon form of apparatus for proving Charles’s law consists of a length 
of capillary tubing with a column of air imprisoned in it by concentrated 
sulphuric acid. It is worth while to seal a glass stopcock on to the open 
end of the tubing ; the sulphuric acid need not then be renewed from year 
to year because of absorption of moisture. To attempt to put rubber tubing 
and a glass stopper over the open end usually breaks up the acid thread. 

To remove Thermometers, etc., stuck in Rubber Corks (W H Dowland) 
Select a corkborer which will just fit over the thermometer • push it through 
the cork with a rotary motion in the usual way, and the thermometer will drop 
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out. The cork is either not damaged or little damaged ; and if it is damaged, 
the cost of a new one is less than that of a new thermometer. 

Kathode Ray Oscillograph as Null Instrument for A.C. Bridges 
(W. H* Dowiand) 

The oscillograph, with the amplifier control at maximum, and the time 
base giving a horizontal line on the screen, can be used as a null instrument 
for detecting the point of balance in Wheatstone bridge work with alternat- 
ing current, e g , for resistance of electrolytes, comparison of capacities by 
de Sauty*s method, etc. The bridge is fed with 2 volts A.C. from a transformer, 
and balance is indicated when the A C wave trace flattens out into a straight 
line 

The Vibrations of Stretched Strings (W E. Pearce) 

The following are suggested as suitable demonstration experiments for 
middle school work The apparatus used is shown in the figure. The crank 
AC IS made by bending a piece of 
iron of length 18 in. and diameter 
4' in. The “throw” of the crank 
should be I in. or less. One end of 
It rests in a bearing E which can be 
made by boring a yV-in hole in a 
block of wood The other end is 
connected to the shaft of a high- 
speed motor ( h p ) by a short 
strong piece of rubber tubing A 
and C are two loose clips placed over 
the crank. They can be made by 
bending short lengths of strip iron 
as at (a), or a small paper clip can 
be used. Strings AB and CD of 
length 10 ft or more are fastened to 
the clips and to ho^tes bored in a 
I2“inch rule. It is convenient to 
make BD equal to 10 m The ruler 
can be pulled to the left by a string 
attached to the ring F and so various 
tensions established in the strings. 

For the purposes of the experiment 
it is not necessary to know the actual 
tensions set up, but the position of (a) 

the ring F determines the ratio of 

the forces in the two strings, 1 e. if BF ~ FD the tensions are equal but if 
BF — zFD the tension in DC is twice that in BA. To show that the wave- 
length varies as v^'F if n is constant, two identical strings are used and the 
pull first applied at the mid-point of BD. The motor is started and trans- 
verse waves are sent along the two strings. The tension is adjusted until the 
strings vibrate in one, two or more loops. Since the tension is the same in 
both strings the number of loops in each will be the same The ring is then 
moved so that DF = 4FB and the tension in AB will be four times that in 
CD. A pull on F which causes AB to vibrate in one loop will cause DC to 
vibrate in two loops. Again when DF = qFB a single loop in AB corres- 
ponds with three loops in CD. 

To show the variation produced by using strings of different linear density 
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the single string CD is retained but AB is replaced by a string made by plaiting 
two single strings together. If the plaiting is quite loose the mass per unit 
length of the compound string is approximately twice that of the single one 
A position for the ring F is then found so that the strings AB and CD both 
vibrate with the same number of loops. It will be found that FD == 2BF. 
Using 3, 4 or 5 plaited strings for AB, F divides BD in the ratio 1.3,1 4 

or I : 5 respectively. Thus, if the tensions and mass per unit length are in- 
creased proportionately no change of wavelength occurs 

Again, using a four-stranded string, F is placed at the mid-pomt so that 
the tensions are equal When CD vibrates in one loop, AB vibrates in two 
or the wavelength is halved if the mass of unit length is increased four times 

A Source of Radiation (E. Denne) 

The ideal source of thermal radiation would be small m size, constant in 
output, easily varied in temperature and should reach a steady state in a 
reasonably short time 

The apparatus to be described represents an attempt to achieve these 
properties It has a base consisting of a piece of asbestos sheeting, through 
which are mounted a pair of |--mch brass rods, screwed 4 B A at each end. 
Two nuts on each fix them to the base, so that a couple of inches protrude 
on one side. A terminal nut is used to make connection on the shorter side, 
while on the long side a resistance element is clamped between two nuts on 
each rod, at the far end The resistance element consists of 15 cm. of nickel 
chrome wire (taken from an old electric fire), 26 gauge, coiled into a small 
spiral, looking rather like a magnified car headlamp filament. This is used 
on a 6-volt battery, and takes about 5 amperes. The full radiating power is 
obtained very quickly because the element is sufficiently far from the base. 
The ordinary commercial radiator is in thermal contact with a fireclay mounting, 
which interferes considerably with the output. The current may equally 
well be taken from A.C. mams using a 6-volt transformer, and a second spiral 
may be paralleled if required. 

The apparatus is particularly suitable for showing the selective absorption 
by glass, etc The radiator is placed at a fixed distance from the thermopile, 
and the fractional change in reading is noted when a sheet of glass is interposed. 
The temperature of the radiator is then reduced by means of a senes rheostat, 
and the fraction determined again. 

The following results are typical (obtained by a member of the sixth form) ; 


Current 

Gaivo 

reading? 

Gaivo leading 
(through glass) 

Fraction ot radiation 
transmitted 

2 0 amp. 

I ‘9 

0-2 

0 1(1) 

3‘0 „ 

8-2 

2 4 

0 29 

4‘0 „ 

18 0 

6 9 

0 38 

48 „ 

28*2 

13-9 

0 49 


The specimen of glass was an ordinary microscope slide 

Simple Apparatus for Demonstrating the Condensation of Water 
Vapour on Small Nuclei (J. Kewley) 

The apparatus required is a pint clear-glass bottle and a motor-tyre hand- 
pump. 

The piston washer of the pump is reversed so that the pump functions as 
a suction pump. The small valve at the foot of the pump is removed and a 
piece of thick-walled rubber tubing fitted. This leads to a glass tube through 
a rubber bung in the bottle The air m the bottle is kept moist by a damp 
sponge in the bottom. 



PHYSICAL APPARATUS AND EXPERIMENTS 233 

The expansion produced by a sudden sharp pull on the pump is sufficient 
to cause the necessary reduction of temperature to produce a heavy cloud 
after a slight whiff of cigarette smoke has been introduced. Without the 
smoke no cloud is obtained. 

If one half of the bottle is covered by black velvet and the bottle is stood 
in the light of an electric torch the cloud formation can be strikingly demon- 
strated to a large class. 

Cooling Produced by Evaporation (W. J. Sparrow) 

An effective demonstration of this is obtained by using a simple junction 
of copper and Eureka wire with a sensitive galvanometer. The junction is 
dipped in ether and then removed. Water will show the effect. 

Experimental Determination of Hysteresis Curves (D. Owen Jones) 

Many text-books include a description of the magnetometer method for 
obtaining the hysteresis curve for a specimen of magnetic material, but it is 
very seldom that sufficient details concerning the dimensions of the magnetizing 
coil, the compensating coil, and the specimen are given in order that a satis- 
factory curve may be obtained. 

It has been found that satisfactory results may be realized and that good 
curves may be obtained by using the apparatus described below. 


The Magnetizing Coil A 

This consists of two layers each of 440 turns of 18 S.W.G. copper wire, 
wound on a brass or copper tube 70 cm. long and i cm. in diameter. (A brass 
curtain rod serves the purpose admirably.) The excess length of coil necessary 
to allow for the ‘‘ end effect ’’ is always a subtle point, but consideration of 
the results of preliminary experiments seem to indicate that this length of 
coil IS necessary in order to ensure that the whole of the specimen should be 
subjected to a uniform field. 

The Compensating Coil B 

The length of the compensating coil need only be fairly short as its position 
may be adjusted close up to the magnetometer scale in order to produce the 
necessary field for compensation. For this purpose the coil used was 14 cm. 
long and consisted of 8 layers each of 80 turns, the wire used being similar to 
that used in the magnetizing coil. 

The Specimen S 

A suitable length for the specimen is about 30 cm., and the diameter 
should be about 0*3 or 0*4 cm., and it may be fixed co-axially with the coil 
by means of a cork fitted near each end. To obtain a curve which represents 
the hysteresis of a magnetic material, e.g., of a steel, good results may be 
obtained by using a rod of silver steel (obtainable at most tool shops at a few 
pence per foot), A current of 5 amperes is sufficient to produce saturation 
m a specimen of silver steel 30 cm. long and o 32 cm. in diameter, and as the 
total resistance of both coils is less than 2 ohms, a small battery of accumulators 
is sufficient to supply the desired voltage. 

IS 
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A Simple Form of Shadow Photometer with Certain Photographic 
Applications (G, C. Curtis) 

The exposure required in photographic enlargement, always a matter of 
some uncertainty, is usually determined by exposing strips of a test piece of 
bromide paper for successively increasing times. This can, however, be 
avoided if means are available to ascertain 

{d) the intensities of illumination of the lightest and darkest parts of the 
projected image, and 

{h) the “ speed ” of the bromide paper used. 

Scale Ys Size 
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Fig. I. 

If the latter is determined once and for all, a suitable exposure may be made 
at once by a simple photometric measurement of the image. A modified 
shadow photometer designed for this purpose has been found to be adaptable 
also as a reflection densitometer and although it is not an instrument of 
high precision it affords an instructive introduction to the “ characteristic 
curves ’’ of silver emulsions which can usually be plotted only by the use of 
expensive apparatus. 

Principle 

A small white screen AC, shown in Fig. i and set at 45° to the horizontal, 
is divided into two equal parts by a thin blackened vane BD set at right-angles 
to It, If the screen be placed upon the base of a vertical photographic enlarger, 
the image-forming beam V will illuminate the upper portion AB but be screened 
by the vane from the lower portion BC. If a horizontal beam of light, H, be 
provided at right-angles to V, it will similarly illuminate the lower portion 
BC but be screened by the vane from the portion AB, Thus the eye placed 
in the plane of BD, where BD will appear as a fine line, can compare accur- 
ately the intensities of illumination of AB and BC. If H be derived from a 
constant source movable horizontally, the position of the source at which 
AB and BC appear identical will be a measure of the intensity of illumination 
of AB. 

Construction 

The instrument consists of a shallow plywood trough, 80 cm, long, and 
3 cm, square in cross-section, blackened internally except at one end, which 
is inclined at 45^ to the horizontal and lined with white card. This card is the 
screen AC (Fig. i); and the vane BD, of thin blackened metal, is slotted into 
the sides of the trough, at right-angles to it. The adjustable source of light 
is the ground-glass front of a small metal lamp-house which is free to slide 
from end to end of the trough and contains a 4*5 volt pea-lamp under- run from 
a 2~volt accumulator. (The redness of the light so produced causes no diffi- 
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culty in matching the brightnesses of AB and BC.j Even so, the illuminatjon 
may be too great unless a neutral-tinted filter be placed between the lamp and 
the ground-glass. The lamp-house carries indicators which move over scales 
on both top edges of the trough, the one being a scale of foot-candles and the 
other a scale of densities. 

Calibration and Use as a Photometer 

A very approximate scale for the instrument may be calculated directly, 
but it IS preferable to derive the scale experimentally. For this purpose the 
intensity of illumination upon the easel of a ‘‘ vertical photographic enlarger 
is varied over a wide range and at each variation it is measured first by means 
of a photronic cell and galvanometer,^ which may be assumed to have a linear 
response to light, and then by matchmg it upon the screen of the photometer. 
A few points determined in this way give the data for constructing a complete 
inverse-square law scale, the range of which may be still further extended by 
the use of neutral-tinted filters fitted in a slot at the front of the lamp-house. 
The arbitrary scale thus prepared is adequate for most purposes, but if access 
is possible to a Weston illumination meter or similar instrument, then it may 
be renumbered in terms of foot-candles. 


Calibration and Use as a Reflection Densitometer P 

It IS now required to measure the reflection density D of a surface (e.g., a 
uniform portion of a print upon bromide paper), which is defined as 

light falling on surface 
ogio reflected diffusely 

For this purpose the instrument is slightly modified so that the upper portion 
AB of the inclined screen can be replaced by the surface, the reflection density 
of which is to be determined. If with a white surface upon both AB and BC 
and with the lamp at some short distance from the screen, a vertical source 
of light IS adjusted to give equality of illumination of both portions of the 
screen, then on replacing the upper portion AB by a surface of density D, a 
movement of the lamp to some greater distance 5 2 will be required to make 
both portions of the screen again appear equally bright. Now it can be 
shown that D = 2 log s^ — '2. log s^. 

For : let Ii = illumination of upper screen throughout 
= illumination of lower screen at first 
I2 — illumination of lower screen finally. 


Ii 


Then D ™ log by definition (assuming lower screen has zero density) 
A 2 

But Ii 


and I2 = where L = illuminating power of lamp-house. 
•^1 '^ 2 *^ 


D = logi^ 

■I 2 


2 log $2 ~ z log 5*1 as above. 


It IS convenient to fix on the unoccupied side of the wooden trough a scale 
divided according to the law : Reading = twice log of distance from origin. 
This reads densities directly. Moreover, the intensity of illumination is 
immaterial, provided that it does not vary during the experiment, since "the 


^ If a photronic cell is not available a standard candle and optical bench 
can, of course, be used instead. This method, while less accurate than the one 
described, renders the subsequent use of an illumination meter unnecessary. 
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density of any surface may be determined merely by subtracting the initial 
reading with both portions of the screen white from that observed when the 
given surface covers the upper portion of the screen. 


2-0 




1 0 


-025 -1 -4 1-6 6*4 25 6 

EXPOSURE IN FOOT- CAN OLE SECONDS 

Fig. 2, 

Fig. 2 shows a family of characteristic curves obtained in this way. It 
will be noticed that no account is taken of any failure in the reciprocity 
law.’* 

I wish to express my thanks to Dr. L. A. Sayce of King’s College, New- 
castle-upon-Tyne, for supervising this work. 





BIOLOGY AND CHEMISTRY NOTES 


Meiosis in Pollen Mother Cells (Vlth Form Boys, Westminster School, 
sent by L. H. Burd) 

The examination of reduction divisions, and chromosome counting in 
pollen mother cells, is generally considered to be much too advanced for 




school pupils, but if suitable methods and material are chosen it has been 
found to be well within the capacity of Vlth form boys and to need very little 
time. Excellent results have been obtained as follows : Flower-buds of 
Lathyrus latifolius, the everlasting pea, are taken, and their anthers treated by 
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Beiling’s aceto-carmine method. This plant offers several advantages. It 
produces a succession of flower buds throughout a considerable period of the 
summer. The buds and anthers at the reduction stage are large enough to be 
handled quite easily. The small number and large size of the chromosomes 
makes counting quite easy with a J-inch objective, and an oil immersion is 
quite imnecessary. Buds 6 o to 7*0 mm. long show chromosomes at metaphase 
in about 50 per cent, of the trials. The buds are opened and the anthers 
extracted and teased on a slide with steel needles, for about 15 seconds, in a 
drop of a saturated solution of carmine in 45 per cent, acetic acid. This 
dislodges the pollen mother cells and introduces enough iron into the carmine 
for satisfactory staining. A cover-slip is added and the preparations are 
ready for use They are not permanent, but can be kept m reasonable condition 
for a day or two if the cover-slips are sealed with vaseline. 

The accompanying drawings, and the preparations from which they were 
made, were completed unaided in one period of 1 hours byja form of six boys, 
five of whom were successful in making preparations in which the seven 
bivalent chromosomes could be counted with ease and certainty. The majority 
of the preparations showed all stages from early prophase to the completion 
of meiosis. 

Standardization of Volumetric Solutions of Acid and Alkali (E. H. 

Coulson and L F Ennever) 

The method of standardizing acid and alkali solutions used by Koszegi 
(Z. anal. Client , 1938, 111 , 343-8) provides a useful alternative procedure for 
sixth-form work, since it involves no primary standard reagent. 

The alkali solution is titrated with acid, a suitable indicator being used. 
Equivalent volumes of the two solutions are mixed, the salt solution evaporated 
to dryness in a weighed porcelain, silica or platinum dish and the dry salt weighed. 
From the results obtained the strength of both solutions can be calculated. 

Results obtained with this method, for sodium hydroxide and hydrochloric 
acid solutions of approximately normal strength, are compared below with 
those of two common methods of standardization. 

Method /. Kdszegi’s Method. 25 c.c. NaOH solution titrated with HCl 
solution, using screened methyl orange as mdicator. Neutral solution made 
in proportions found by titration, evaporated to dryness in weighed porcelain 
dish (water-bath + air oven) to constant weight. Weights of NaCl obtained 
in duplicate experiments — 1*4499 gm. and i 4513 gm. 

Method II. Titration of weighed quantities of pure NagCOa with HCl 
solution, using screened methyl orange as indicator. 

Method III. Titration of weighed quantities of pure oxalic acid with 
NaOH solution, using phenolphthalein as indicator. 


Method. 

Normality of 

Normality of 

HCl Solution. 

NaOH Solution 

I . . . 

I-I 54 

0 993 

II . . . 

X-I 55 

I 152 

0 994 


1*152 

— 


1-158 

— 

Ill 

0 988 


— 

0 988 


— 

0*987 


By weighing to o*i milligram the method should be quite accurate for 
N/io solutions. 

It is worth noting that the residue of NaCl obtained, dissolved in water 
and diluted to 250 c c., provides sodium chloride solution of convenient 
strength for the standardization of N/io silver nitrate solution. 




Chick Embryo. 6o hrs X sf. Chick Embryo. 72 hrs X 2J 

tjV sec. at /. 7. -jV sec. at /. 7. 



Lumbricus L S. Body. X 4 
Reproductive Region yV sec. at /. 12. 

Photomicrographs intended to be of general biological interest. Taken with a 
Leica Panphot on Ilford Process Panchromatic Plates, using a green filter. 

Z. F. and M, G. Ennever, 
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The Percentage of Oxygen in the Air (E. H. Coulson and L. F. Ennever) 

This apparatus was devised to demonstrate to junior forms that the air 
contains approximately one-fifth of oxygen by volume, the usual bell-jar 
method having been found to give low results. In the method described, air 
is passed over burning phosphorus. 

The bottles A and B are Corbyn Quarts (about i |- litres capacity), A being 
divided into 5 equal parts by measurement of the volume of water required 
to fill it to the bottom of the rubber stopper ; the graduation marks are painted 
on the outside of the bottle. The phosphorus is contained in a straight form 
calcium chloride tube, the bulb of the tube being loosely packed with asbestos- 
wool to prevent distillation of phosphorus into bottle B. 


Asbestos wool Phosphorus 



B 


When the experiment begins, A contains air and B is filled with water. 
A is connected to the tap with rubber tubing and the outlet from B to the sink. 
It is convenient to use red rubber tubing for one of these connections and black 
rubber tubing for the other. A small stick of yellow phosphorus (about 
J-inch long) is placed in the calcium chloride tube and ignited by gently 
warming the outside of the tube with a small flame. Air from bottle A is 
then passed over the burning phosphorus by running in a slow stream of water 
from the tap. 

The rate of flow of air is adjusted so that the phosphorus flame is just 
visible ; about 1 5—20 minutes should be taken to fill A with water. The slow 
passage of air is very important since, if the phosphorus bums too fiercely, 
the calcium chloride tube will crack and burning phosphorus scatter on the 
bench. When A is just filled with water, the tap is turned off, the rubber 
tubing leading to it closed with a screw clip and removed from the tap. The 
rubber tubing from B is now connected to the tap, the clip opened and the 
air in B sent back into A until B is filled with water. This operation can be 
carried out quickly, since most or all of the oxygen has been removed from 
the air. It is now found that water remains in A to the first graduation mark, 
hence one-fifth of the original volume of air has been removed by passage over 
burning phosphorus. 

Experiments to Illustrate the Effect of Varying Conditions on the 
Velocity of a Chemical Reaction (E. H. Coulson and L. F. Ennever) 

Few textbooks seem to indicate the general usefulness of the reaction 
between potassium iodate and sulphurous acid in introducing the factors which 
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affect the velocity of a chemical reaction. The following experiments are 
based on those described in Bjerrum’s Inorganic Chemistry (Heineniann, 1936, 
pp. 66-7) j with certain modifications as to quantities of reagents and some 
additions. 

The reaction studied is the oxidation of sulphurous acid by means of 
potassium iodate, 

KIO3 -I- sH.SOg = KI + 3H0SO4 . . . (1) 

the time taken for the reaction to go to completion being used as a measure of 
the velocity with which the change proceeds. The completion of the reaction 
is easily observed since the subsequent reaction is 

KIO3 + SKI -f 3H3SO4 = 3K3SO4 + 3H3O 4 - 3I2 • (n) 

Reaction (li) cannot proceed until reaction (i) is complete owing to the rapid 
reduction of iodine by sulphurous acid. In the presence of starch a blue 
flash spreads over the whole mixture as soon as reaction (1) is complete. It is 
obvious that potassium iodate must be present in excess. 

Reaction (1) is catalysed by hydrogen ions and hence the effects of con- 
centration, temperature and presence of a catalyst on the velocity of the reaction 
may be studied. 

The solutions needed are : 

A. Potassium iodate 20 gm. /litre. 

B. Sulphurous acid 20 gm. SO 2 /litre. This is best prepared by passing 
the gas into a known volume of water until the required gam in weight has 
been obtained. No special accuracy is needed. 

C. A dilute starch emulsion. 

Various solutions of acids of known strength are necessary for showing 
the catalytic effect. 

The following method of procedure has been found convenient. 

Measure the required volumes of solutions A and B, from burettes, into 
separate measuring cylinders (100 c.c.) each containing 40—50 c c. distilled 
water. Add a few drops of C to the cylmder containing B and make up the 
contents of each cylinder to 100 c.c. with distilled water, stirring each with a 
long glass rod. Pour diluted B + C into a 250-c.c beaker, add diluted A 
and note the time of addition, stir for 2—3 seconds and time the appearance 
of the blue flash. When other solutions have to be added this is done to 
B + C before the final dilution. To show the effect of temperature, warm 
water is used. Using this method, the total volume is always about 200 c.c. 

Some results obtained are shown in the tables ; duplicated results are to 
give some idea of the reproducibility possible under the conditions employed. 


TABLE I 


Effect of Concentration 


Volume of KIO3 
Solution (A). 

(c c.) 

5 

5 

5 

5 

5 

5 

6 
8 

10 

10 


Temperature 9® C. 


Volume of SO 2 
Solution (B). 
(cc) 

2 

3 

4 

5 

6 
7 
5 
5 
5 

10 


Time for Completion 
of Reaction (i). 

(secs ). 

193 

103 

70 

53 , 55 , 53 
47 

>900 (SO 2 now m excess) 
41 
29 


22, 23 
8 


Note . — ^The reaction is more complicated than is indicated by equation (i), hence 
the effect of concentration can only be shown qualitatively. 
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TABLE II 


Effect of Temperature 


5 c c Solution A *r 5 c c. Solution B used for each Experiment 


Temperature 

rc ). 

9 


24 

46 


Time for completion 
of Reaction (i). 

(secs.)* 

53 

42 

17 


TABLE III 

Effect of Addition of Acids 

5 c c. Solution A -f 5 c,c. Solution B used for each Experiment 

Temperature 9"^ C. 

Time for completion 
of Reaction (1) 


Acid added. (secs ) 

None 53 

ICC N. HCl 27 

2 c c N. HCl 16, 16 

4 cc N HCl 8-5, 8 5 

2 cx. N H2SO4 21 

4 cx. N. H2SO1 12 

8 c c N H<,S04 7 5, 8 

2 c c N CH3COOH S3 

10 cc. N. CH3COOH 5x 


Table III shows that the reaction can be used to show the relative strengths 
of acids. This should be capable of much expansion. 

Willard’s Preparation of Perchloric Acid (G. Fowles) 

The digestion of ammonium perchlorate in aqua regia affords a concen- 
trated solution of perchloric acid. The reaction was discovered by H. H. 
Willard m 1912. 

Place 25 gm. of crushed ammonium perchlorate in a flask (150—300 c.c,), 
add 30 c.c. of water and dissolve the salt (or most of it) by bringing the water 
to the boil. Remove the flame, add ii c.c. of ordinary concentrated nitric 
acid {d = 1*42) and again bring to the boil. At intervals, run in from a 
burette a solution of 4*5 c.c. of concentrated hydrochloric acid in 30 c.c. of 
water, keeping the preparation liquid vigorously boiling all the time. The 
addition of the hydrochloric acid takes about 5 minutes During this addition 
the volume of the boiling solution should be kept approximately constant in 
order to have the ammonium perchlorate at its maximum concentration. 
Continue the vigorous boiling for an hour, adding water from a burette to keep 
the volume constant. At the end of this time cease the addition of water and 
evaporate until dense white fumes (of HCIO4.2H2O) appear. These fumes 
are easily distinguished from the steam. Allow the liquid to cool. The liquid 
should be now free from ammonium perchlorate. To make quite sure, test a 
small portion with caustic soda. Should ammonia be detected, dilute the 
preparation liquor to its original volume, add 6 c.c. of concentrated nitric acid 
and repeat the first process, running in a corresponding quantity of the dilute 
hydrochloric acid. Boil for another J an hour, then evaporate as before. 
Stand for 24 hours, then pour off the perchloric acid from any solid deposit, 
for when all the ammonia has been removed a turbidity or even a solid deposit 
sometimes appears, probably due to impurities in the ammonium perchlorate. 
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The stable solution thus obtained consists of 72 per cent. HCIO4 
28 per cent. HgO ; it therefore corresponds to HCIO4.2H2O. But it is a 
constant boilmg-pomt mixture (b p. 203^ C ). The yield is quantitative. 

Comment 

The above procedure is slightly modified from that in Willard's paper 
(jfour, Amer. Chem, Soc , igiz, 34 , 1480). Willard states that one digestion 
with nitric acid usually suffices to remove the ammonia completely and to 
leave a solution of pure perchloric acid. We, at Latymer, have always found 
it necessary to repeat the digestion at least once more, with a second portion 
of nitric acid. From his investigations Willard concluded that the preparation 
reaction was exceedingly complex. He believed that the ammonia was oxidized 
away, and that the oxidizing agent was not nitrosyl chloride or chlorine, but 
nascent nitrous acid. He found that 90 per cent, of the gas evolved was nitrous 
oxide ; the rest chiefly chlorine. These results forced him to suggest the 
following complicated equation 

34NH1.CIO4 + 36HNO3 + 8 HC 1 - 34HCIO4 + 4CI2 + 35N2O + 72H2O. 

It has often seemed to me desirable to seek a simpler explanation of the 
reaction. Thus, consider the evolved chlorine. It has obviously taken no 
part in the reputed oxidation process, but is due to a concurrent reaction — the 
decomposition of some of the aqua regia. In other words, the only gaseous 
product of the main reaction is nitrous oxide. It is therefore possible that the 
production of perchloric acid is not due to oxidation at ail, but to the formation 
of ammonium nitrate by metathesis, followed by its decomposition by heat. 

I therefore venture to suggest replacing the cumbersome equation of Willard 
by the simple one 

NH4 CIO4 + HNO3 = HCIO4 + NoO + 2H0O. 

R. E. Goddard, scholar of the Imperial College, when in sixth form at school 
began a study of the reaction He found that with nitric acid alone no per^ 
chloric acid was produced Hydrochloric acid must be present, yet the 
quantity added had no apparent effect either on the speed of the action or the 
yield obtained. We therefore tentatively concluded that the function of the 
hydrochloric acid was that of a catalyst. 

The Burning of a Candle (H. G. Andrew) 

The burning of a candle in a jar over water still appears in some textbooks, 
even recent ones, as an experiment to find the fraction of the air used in burning. 
It so happens, that if an inverted gas-jar is quickly lowered over a burning 
candle in a trough of water, the water rises something like a fifth of the way 
up the jar. This is chiefly a result of the expansion of the air in the jar as 
the jar is lowered over the flame. Any result between about a tenth and a half 
can be obtained by varying the size of the flame and the rapidity with which 
the jar is put over the flame. 

A candle flame burning in a closed space goes out when the percentage of 
oxygen in the air falls to about 16 per cent. ; and the air then contains about 
3 per cent, of carbon dioxide The real reduction in total volume is only 
about a fiftieth. 

The investigation of this experiment was suggested by the fact that the 
cabins of fishing trawlers are often so securely sealed during winter nights 
that the oil lamps go out, but the occupants appear to come to no harm. 
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Abstracts of reviews taken, by kind permission, from the Monthly Film 
Bulletins of the British Film Institute. 

APPLIED SCIENCE 
Steam Power (IJ.S.A.), 1935 

i6--mm. silent, 400 feet, 8-mm. silent, 16 minutes, i reel. Teaching 
notes available. 

Distributors : Kodak, Ltd., Wealdstone, Harrow, Middlesex. 

Contents : The opening scenes of the film show two of the more spectacu- 
lar adaptations of steam power, the 'steam'ship and the locomotive, typifying 
transportation, after which Watt’s early steam engine appears diagrammatically 
with labels showing the action of the various parts. The application of 
Watt’s engine follows in a replica of the first steamboat Clermont, on the 
Hudson River. The second part of the film deals with simple (one-cylinder) 
steam engines, as distinct from compound or multiple expansion engines, 
with close-up views of the mechanism, and labelled moving diagrams. The 
next section deals with steam boilers, and the film closes with shots of early 
locomotives, followed by more modem types, w 4 th a description of the way 
in which they work. 

Appraisal : This film contains a great deal of good material, but attempts 
to cover too great a field to be satisfactory. It could with advantage be divided 
into at least three films, on boilers, steam engines and locomotives, and pos- 
sibly also an historical film. Because of its wide scope it is lacking in con- 
tinuity, The teaching notes, however, are good, and contain sufficient material 
for the teacher to give a preliminary lesson on the subjects demonstrated, 
and an adequate running commentary while the film is being shown. The 
film would only be of use to people already possessing a certain amount of 
knowledge of the subject 

Suitability : For classes 14—19, and as a background film, for students 
already having some knowledge of the subject. 

BOTANY 

Fit to Boil (Great Britain), 1932 

35-mm. S.-on-F , i6-mm. S.-on-F., 819 feet, 10 minutes, i reel. Com- 
mentary supplied if required. 

Distributors : British Instructional Films, iii Wardour Street, London, 

W.i. 

Contents : A present-day potato tuber and the uneven ancestral type 
are shown, and the process which has led to the production of the modem 
type is made clear by a close view of an operator carrying on cross-pollination 
between two potato plants, followed by a diagram of the growth of the pollen 
tube down the style and the fertilization of the ovules. The berry \sic\ is 
planted, the root and shoot develop and a small tuber is produced by an under- 
ground shoot ; this development takes six weeks. A close view of a sprouting 
tuber shows the need for the removal of some of the eyes,” after which the 
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tuber is planted in a shallow trench and covered with soil. The eyes 
which remain grow into aerial shoots, from the base of wLich roots grow 
downwards. A magnified view of one of the stem hairs shows circulating 
protoplasm. Finally, the serial shoots die and the plant with its new tubers 
IS lifted ; this is done by means of a plough which breaks up the soil and a 
fork which separates the tubers. 

Appraisal : A clear and interesting film giving an accurate account of 
the life-history of the potato plant and of the practical processes which 
accompany its cultivation. 

Suitability : For use in the teaching of gardening, botany and biology. 
As a classroom instmction film for pupils of 12-r. As a general interest film 
for any age, and useful for show^ing to gardening clubs and natural history 
societies. 

Grade: I. 

From Flower to Fruit (U.S.A.), 1929-30 

i6-mm. silent, 400 feet, 15 minutes, i reel. 

Distributors : Kodak, Ltd , Wealdstone, Harrow, Middlesex. 

Contents : The floral parts of the rose are shown in photographs of the 
flower at different stages and in a diagram of the essential organs ; the process 
of pollination is made clear by photographs of a lily flower and microphoto- 
graphs of pollen grains ; different insects are then seen visiting the lily flower 
and a bee covered with pollen is shown on the capitulum of a composite. The 
lily flower is used to show cross -pollination by a human operator. By means 
of microphotographs and diagrams we see how fertilization takes place, pollen 
grains germinate on the stigma, the male nucleus passes down the tube and 
fuses with the egg nucleus in the embryo sac of the ovule. The development 
of fruits of the rose and the lily follows ; and in more detail, by means of 
photographs and diagrams, the relation is shown between apple flowers and 
the apples that are produced. 

Appraisal : A good film with some attractive close-up views of opening 
flowers : the parts of the flower and the structure of the fruits are clearly shown, 
but intermediate stages of fruit development are omitted. An unusual feature 
is the clear microphotography of the developing pollen grain in the tube of 
which the male nuclei are seen quite distinctly. The film shows well the part 
played by pollination and fertilization in fruit formation 

Suitability : For use in the teaching of botany and biology. As a class- 
room instruction film for pupils of 12+ if details of embryo sac are omitted, 
and for pupils aged 15 if this is retained As a general interest film for natural 
history societies. 

Grade : II. 

Leaves and the Sensitive Plant (France), 

i6-mm. silent, 9 minutes, i reel. Teaching notes not available. 

Distributors : Ensign, 88/9 High Holborn, London, W.C.i. 

Contents : (1) Leaves. After an introductory woodland scene, photo- 
graphs of leaves are shown in illustration of various features ; we see the vetch 
leaf with stipules, the rhubarb leaf with a sheathing base, different kinds of 
venation in lime, Ginkgo and iris, compound leaves, variation in leaf shape 
in grape vine, Virginian creeper, oak, eucalyptus, violet, basifugal develop- 
ment in acacia and basipetal development in the rose. Sleep movements are 
seen in mimosa. Modified leaves are then shown ; protective scales in winter 
bud of lilac, swollen bulb of lily, tendrils in grape vine, and colocinth, and 
spines of holly. The film ends by showing polymorphism in the leaves of the 
water buttercup. 
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(ii) The Sensitive Plant. Leaf movements are shown in response to the 
stimulus of contact in the sensitive plant. Mimosa pudica. The plant is first 
seen from all sides in a revolving pot ; the collapse of the petioles and leaflets 
is then shown after light touches on various parts of the leaf, and the direction 
of propagation of the stimulus is shown. 

Appraisal : Good photographs of the variety of form in leaves and leaf 
movements, but the rate is too fast and much more explanation is needed. 

Suitability : For use in the teaching of botany. As a revision film for 
pupils of 14 + . It is too morphological to be of general interest. 

Grade : II. 

Magic Myxies (Great Britain), 1931 

3S-mm. S.-on-F., i6-mm. S.-on-F., 956 feet, 11 minutes, i reel. Com^ 
mentary supplied if required. 

Distributors : British Instructional Films, in Wardour Street, London, 
W.i. 

Contents : Introductory shots are seen of Myxomycete sporangia. They 
dehisce, and the germination is seen of the spores to swarm cells, each with 
a flagellum. Fission and the retraction of the flagellum to the myxamceba 
state is shown by diagrams. Ingestion of bacteria by the myxamceba is 
indicated, and plasmodium formation by the fusion of myxamceba follows. 
Those which fail to fuse are devoured. The flowing and rhythmic circulation 
of the reticulated plasmodium is clearly shown under high pressure. Plas- 
modia are seen to enlarge and to fuse amongst themselves. A myxie ” is 
seen feeding on a leaf, on a toadstool, and then the response to poisons, arsenic 
and Epsom salts, is seen. Shots follow of the formation of a sclerotium with 
the advent of cold or drought. A very beautiful sequence is shown of a myxo- 
mycete crossing a gossamer thread to reach a mushroom. Fruit formation 
and a shot of dehiscing sporangia completes the film. 

Appraisal : This film left us in a very unsettled frame of mind. Photo- 
graphically, It is an excellent portrayal of a rather difficult subject of limited 
appeal. The camera work of this series of films is always worth watching 
for itself. But we are bound to ask if it is necessary to provide a film of this 
type with such an unsuitable commentary. 

Suitability : For use in the teaching of botany. It would be probably 
best suited to advanced university students, as a silent film and not a talkie, 
and also for showing to natural history societies. 

Grade : II. 

Peas and Cues. 

35-mm. S.-on-F , i6-mm. S.-on-F., 833 feet, 10 minutes, i reel. Com- 
mentary supplied if required. 

Distributors : British Instructional Films, iii Wardour Street, London, 
W.I. 

Contents : The film begins with a close view of a pea seed m the soil, 
following by stages of germination which extend over five days. A realistic 
group of young seedlings is shown with circumnutating tendrils, followed by 
a close view of the tendril and its movements. Flower structure and method 
of germination are then shown ; we see the opening and shutting of the 
flowers according to the stage of development and the time of day, the position 
of the stamens and gyncecium in the keel by means of a model, and the working 
of the pollination mechanism with the help of living insects and a model bee. 
The pollen grains ( x 2000) germinate in the stigma and a pollen tube 
( X 30,000) grows down the style. A diagram shows the passage of the tubes 
in the ovules, and the ripe pod is seen dehiscing and shooting out the seeds. 
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The importance of suitable soil for germination is shown b> the appearance 
of seedlings which develop on hard and soft ground respectively. 

Appraisal : An accurate and interesting film which is accompanied by 
a good and suitable commentary. 

Suitability : For use in the teachmg of botany and biology. As a class- 
room instruction film for pupils of 1 3 -f , As a general interest film for any 
age from 13 onwards. 

Grade : I. 

CHEMISTRY 

Development of the Photographic Image (Great Britain), 1931 

i6-mm. silent, 800 feet, 33 minutes, 2 reels. Teaching notes not available. 

Distributors : Kodak, Ltd., Wealdstone, Harrow, Middlesex. 

Contents : The film demonstrates the making of the emulsion and the 
development of the exposed film, with animations showing the chemical 
reactions, together with an exposition of the Trevelli theory of photo- 
sensitivity. 

Appraisal : This is a very highly specialized film, containing a certain 
amount of valuable material. It is felt, however, that the arrangement of 
the material is unsatisfactory, owing to an attempt to combine elementary and 
advanced treatment of the subject in one and the same film : in fact, one gets 
the impression that at least two shorter films have been put together with no 
very clear objective in view. The two-reel film could have been satisfactorily 
divided into two, showing (i) the making of the emulsion on a small scale, 
the large-scale equivalent and the coating of the film, development and fixing 
processes, all treated in a simple manner and suitable for school use as a 
chemistry or general scientific interest film, and (2) the detailed consideration 
of the chemistry and microscopy of the development of the latent image, 
with present-day theories, suitable for photographic societies, technical institu- 
tions, etc. As it stands, only a small section of the film has any value as an 
adjunct to the usual school work, and it would need a great deal of explanation 
from the teacher to make it intelligible. The photography is uneven, the 
microphotography being poor. The film is disappointing in view of the great 
resources which he at Kodak’s disposal. 

Suitability : Not suitable for schools, but might be of interest to a school 
science society interested m photography, or a technical institute. 

GEOLOGY 

Limestone and Marble (U S A.), 1934 

i6-mm. silent, 8-mm. silent, 400 feet, 16 minutes, i reel. Teaching notes 
available. 

Distributors : Kodak, Ltd., Wealdstone, Harrow, Middlesex. 

Contents : A party of boys is seen being conducted through a gorge near 
Rochester, New York, and their attention is directed to the limestone and its 
fossils, after which the use to which limestone is put in road building is shown. 
After a classroom interlude on chalk, the quarrying of limestone and its work- 
ing up for building purposes is shown, followed by the preparation of lime 
and cement from limestone. The last part of the film deals with marble, 
which IS seen being quarried and sawn up into slabs in the factory. The 
slabs are pblished, some being used for decorative purposes, while other 
blocks of marble are used for sculpture, of which specimens are seen. 

Appraisal : This film would be of more use in the teaching of economic 
geography than of geology, as the uses to which limestone and marble are 
put are illustrated in detail. No reference is made to the chemical nature of 
the substances. The film needs to be accompanied by a running commentary 
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from the teacher, pointing out, for instance, where the deposits are found, 
and drawing attention to the lime kilns, which are of a type unfamiliar to 
English children. Adequate material for this is provided in the teaching 
notes : without commentary or teaching notes the film would be of consider- 
ably less use, as the captions are insufficient in number, and not always well 
placed. The photography on the whole is good, but the film is somewhat 
jerky, and lacks continuity which is not supplied by the captions. 

Suitability : A background film for children of 1 1 -f , but it would be 
somewhat difficult to fit into the English curriculum. Might also be of interest 
to classes of building construction. 

Sand and Clay (U.S.A.), 1934 

i6-mm. silent, 8-mm. silent, 400 feet, 16 minutes, i reel. Teaching notes 
available. 

Distributors : Kodak, Ltd., Wealdstone, Harrow, Middlesex. 

Contents : The film opens with shots of a granite cliff partly cut away 
for a road, showing the exposed granite. The granite is blasted, and the 
structure of the granite is shown by a microphotograph in which the grains 
of quartz, from which sand is formed, are seen. The artificial production 
of sandstone is followed by a view of a sandstone quarry, where the sandstone 
is seen cut out, after which the making of grindstones is shown. The next 
portion of the film shows how sand is used m the manufacture of glass, which 
is seen being rolled and polished. The last part of the film deals with clay, 
the quarrying of slate, the manufacture of bricks from clay, and the making 
of pottery. 

Appraisal : This film attempts to cover too wide a field, and m conse- 
quence lacks coherence and leaves many gaps which would need to be filled 
in by the teacher. The sequences showing glass manufacture and the split- 
ting of slates in the slate quarry afford opportunities for some rather striking 
shots. Like the complementary film ‘‘ Limestone and Marble,’’ it contains 
a great deal of material interesting from the point of view of economic geography 
and industry, while its actual geological value is not very great. The title of 
the film is a little misleading. The film would need to be accompanied by 
a commentary from the teacher, for which material is provided in the teaching 
notes ; the latter are essential to a proper understanding of the film. It 
might have been better to incorporate much of this material in the film, to 
supplement the rather inadequate captions. The section dealing with the 
making of pottery could have been shorter, without any loss to the educational 
value of the film. 

Suitability : A background film for children of 1 1 + , which might be 
used at the end of term for revision ; also of general interest for school science 
societies. 

PHYSICS 

Current Electricity (U.S.A.), 1933 

i6-mm. Silent, 350 feet, 14 minutes, i reel. Teaching notes not available. 

Distributors ; Wallace Heaton Ltd., 127 New Bond Street, London, W.i. 

Contents ; By means of diagrams, current electricity is compared with 
the flow of water through pipes. Very simple definitions are given, by this 
means, of electrons, difference of potential, current flow, amperes, volts and 
resistances. 

Appraisal : As a teaching film this contains too much to be assimilated 
by a pupil in one lesson, but would be very useful as a revision and a survey 
at the end of a course in this subject. 

Suitability ; For children of 13 years of age and over, if modified as 
suggested. 
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The History of Electricity (Great Britain), 1932 

35-mm, silent, i6-mm. silent, 1,100 feet, 17 minutes, i reel. Teaching 
notes not available. 

Distributors : British Electrical Development Association, 2 Savoy 
Hill, London, W.C.2, and National Film Librar>% British Film Institute, 
4 Great Russell Street, London, \V C.i. 

Contents : A short sketch of the discovery of electricity, followed by 
an account of its production at the present time. After some references to 
the work of Thales and Faraday, illustrated by reconstructed scenes and 
models of Faraday’s apparatus, the film shows a modem power station. 
To-day, electricity has its origin in coal A cme-diagram illustrates the 
passage of the coal to the turbine furnaces ; the burnt ash is removed by 
suction. The first steam turbine is then contrasted with a modem turbine. 
The switchboard of a modern power station is shown, and then the film de- 
scribes how electricity is conveyed by land wires over the countryside. Under- 
ground cables are seen being laid at a private house, and the film concludes 
by showing how the load chart rises and falls at definite periods throughout 
the day, and explains and shows the reasons for this variation. 

Appraisal : The title of this film is definitely misleading, as it does not, 
in fact, give a history of electricity. The film would have been much better 
divided into three portions : first, a definite history of the development of 
electrical engineering up to the time of modem practice, commencing from 
the time of Thales and linking the discovery of static electricity, magnetic 
phenomena, current electricity and Faraday’s experiments which showed the 
relationship between all these forms of electrical energy. The second two 
portions would then deal with the modem developments of electrical engineer- 
ing proper and the generation of electrical energy by both steam and water 
power respectively. The film as it stands is very disjointed and devotes the 
bulk of the time to the steam side and unfortunately the subject matter is taken 
from very old stations and gives little idea of the layout and equipment of a 
modem generating station 

Suitability ; For classes of children from the age of 12 upwards, if com- 
mented on by a technical man. 

Illumination (U S A.), 1934 

i6-mm. silent, 8-mm. silent, 400 feet, 16 minutes, x reel. Teaching 
notes available. 

Distributors : Kodak, Ltd , Wealdstone, Harrow, Middlesex. 

Contents : The subject is introduced by scenes of a large building at 
night, showing the use of artificial light in general illumination and advertising. 
A historical survey of lighting follows, giving the progress from torches, the 
classical bronze oil lamp, firelight, candles, early oil lamps, to the early use 
of gas in the fishtail burner, with its development using a gas mantle, and 
ending with the various types of electric lamp. The next part of the film deals 
with the measurement of illumination, demonstrating the use of the Lummer 
Brodhun photometer and the working out of the calculation to find the value 
of the candle power of the unknown lamp This is followed by a demonstra- 
tion of direct measurement of candle power by a foot-candle meter. The 
next section shows factors affecting the quality of lighting — glare and shadows, 
and how these may be avoided — and the film ends with illustrations of direct 
and indirect sources of illumination. 

Appraisal : The first part of this film is more satisfactory than the latter, 
and gives a useful summary of the progress of illumination through the ages. 
Curiously, it omits any mention of the inverted incandescent gas mantle. 

Suitability : For classes aged 14 + . 

16 
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Simple Machines (U.S.A ), 1934 

i6-mm. silent, 8-mm. silent, 400 feet, 16 minutes, i reel. Teaching notes 
available. 

Distributors : Kodak, Ltd., Wealdstone, Harrow, Middlesex. 

Contents : After an introductory scene of boys playing with a see-saw, 
various examples of levers are shown — a woman drawing water from a well 
with an old-fashioned well sweep, a crane, a workman using a crowbar, a steel- 
yard, a truck being weighed on a weighing platform and finally a pair of dial 
scales — the working of the levers being shown by animated diagrams. 

Next the wheel and axle, and fixed and movable pulleys are illustrated 
and explained with labelled diagrams, after which follow examples of the 
inclined plane — a spiral stairway, the screw and the action of a wedge. The 
film ends with examples of combinations of simple machines — a steam shovel 
used in excavating, embodying the various principles illustrated, followed 
by a truck ascending an inclined plane. 

Appraisal : Though not wholly satisfactory, this film " demonstrates 
clearly some of the principles involved in the use of the simple machines 
illustrated — levers, wheels and inclined planes. 

The best use of the film would be as a revision lesson after a preliminary 
course in the subject. The teaching notes give a fuller treatment of the 
subject in very good style and completeness, enhancing the educational value 
of the film. 

Suitability : For classes aged 13—16. 
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The Association of Scientific Workers — Scientific Films 

Committee 

Abstract of Memorandum on The Scientific Film published by the Scientific 
Films Committee of the Association of Scientific Workers, 30 Bedford 
Row, W.C.i (published in Documentary Netvs Letter, July 1941 ; and 
reprinted in the Journal of the Royal Photographic Society). 

The film is the most compelling medium for explaining facts and for 
interpreting new relationships between facts and their social context. A 
better understanding of the scientific facts on -which modem civilization is 
based is necessary both for the people generally and for their governments 
if they are to make better use of the possibilities available to->day. Scientific 
films can help to satisfy the widespread desire to find sense and order in a 
changing world The increasing demand for seeing such films is shown by 
the success of various “ shorts and of the film biographies of Pasteur, Edison 
and Ehrlich. This demand has led to the founding of the London Scientific 
Film Society (1939) and of others m Glasgow and Aberdeen (1940), and 
scientific films have been included in the less regular shows to the Army, 
ARP., and other audiences, which have been stimulated and have asked 
for more of them. 

The Scientific Films Committee of the Association of Scientific Workers, 
30 Bedford Row, W.C i, have published a memorandum on The Scientific 
Film, calling attention to the great value of the film in increasing the -wider 
understanding of science ; emphasizing certain principles essential for making 
good scientific films ; and calling for further films to be made on the facts 
and principles of science, on great scientists (British as well as others), and 
on the relation of science to society in agriculture, health, housing, food 
manufacture, communications, etc. The film can not only instruct democracy, 
but can portray democracy and thus can act as a -valuable export. 

The S F.C issues a list of scientific films viewed and appraised, and will 
provide advice and help in arranging shows of such films. 

SPECIMEN PROGRAMMES 
Mixed Programmes of General Interest 

I. Vitamins . . . .20 mins. A history of the discovery of 

Vitamins, mainly Vitamin C 
(m fresh fruit and vegetables) 
and their effect on health. 

Vital Service . . 6 ,, The heating of a hospital 

theatre. 

Protection of Fruit . 19 Widespread pests of apples, 

^ etc., and their control. 

45 
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2. In All His Glory 

II mms. 

The pollination of about 12 
common flowers. 

How Talkies Talk 

12 ,, 

A simple explanation of the 
sound film. 

Children at School 

22 

45 

A survey of bad and good school 
buildings, and the need for a 
rebuilding programme. 

3. We Live 111 Two Worlds 

25 mins. 

The contrast between the inter- 
national nature of communi- 
cations and national customs. 

How the Telephone Works 

5 

A simple diagrammatic ex- 
planation. 

Men m Danger 

Theme Programmes of General 

25 >) 

55 

Interest 

Industrial health and the pro- 
tection of the workers 

I. Health 

Red Army 

10 mms. 

Bed bugs, their life story and 
their eradication 

Enough to Eat ^ 

22 

The nutrition film 

Men in Danger 

25 

57 

Industrial health 

2. Agriculture 

Woodwasp 

II mms. 

The danger to forests and the 
eradication of the woodwasp. 

Mediaeval Village 

22 „ 

Study of a village where the old 
open-field system still works. 

Speed the Plough 

18 

Mechanization m agriculture. 

Protection of Fruit 

19 

70 

Fruit pests and their preven- 
tion 

Programmes of Interest to Scientific Audiences 

I. Science applied to tndustrv 

Transfer of Power 

18 mins 

The history of the gear wheel. 

Distillation 

15 M 

Chemical and physical prin- 
ciples of fractional distillation 
applied to oil. 

Hydraulics 

46 

First principles, and application 
to cars, aeroplane control, etc. 

2. Physics 

Cathode Ray Oscillograph 

25 mms. 

Fundamental principles and 
some general uses of it. 

Mouvements Vibratoire 


Simple harmonic motion. 

How Talkies Talk . 

12 „ 

The principles of the sound film. 
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3. Biology 

jL/eveiopmenr or me uniCK: 20 mins The growth of the chick embr\"0 

photographed by transmitted 
light. 

Astacus 20 ,, Anatomy of the crayfish. 

Life Cycle of a Plant . ro „ Growth of lupin from seed to 

seed. 

50 

18 mins Histor\^ of the gear wheel and 
Its interactions with the steel 
and oil industries. 

20 ,, Discoveiy' and investigation of 

properties of colloids. 

20 ,, History of vitamin research and 

study of malnutrition. 

13 ,, Andrew Young and the shale 

industry. 

71 

The above are examples of the kind of programmes that can be built up 
using scientific films You may require a special programme, and the Scientific 
Films Committee would be glad to work one out for you. 

Scientific Filivis Committee. 

Associa.tion of Scientific Workers, 

30 Bedford Row, London, W.C.i. 

A Dissection Hint 
Sir, 

I am disturbed to note the complaint of the reviewer of the film, The 
Frog,’’ in your last issue, that the ligaturing of the “ ventral vessel ” was 
neither mentioned nor demonstrated. Why should it be ? Why should so 
important a vessel be severed and the student left to trace the blood from 
the femoral vein, and the pelvic, into a miserable little tag-end tied with 
cotton, and waving pathetically, disconnectedly, and usually above the water 
in his dish ? 

It frequently happens that the frog provides the young student with his 
first introduction to vertebrate dissection. It is, therefore, particularly dis- 
tressing to think that he should be, so early, taught so slovenly a violation of 
the principles of good dissection as the ligaturing of the antenor abdominal 
vein. It IS so easy to cut the ventral body wall along either side of the vessel, 
and across in front of the point at which it dives into the liver ; then to dissect 
off the covering strip of the body-wall, until the vein is cleared back to the 
pelvis. The strip can then be cut away, leaving the vein intact and clean 
— and meaning something." It is purely a matter of the correct tension on 
the muscle strip, and a sharp scalpel tip, plus a small degree of patience. 
Surely this is not asking much in the interests of technical discipline and a 
tidy dissection. 

I am, Sir, 

Yours faithfully, 

Department of Zoology, A. Harvey. 

University College 

OF the South-West of England, 

Exeter. 


4. Histoiy of Science 

Transfer of Power 

Colloids in Medicine 

Vitamins 

Paraffin Young 
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Some Suggestions 
Sir, 

May I express my appreciation of the recent articles in S.S.R, which have 
been in the form of Lesson Notes.” I feel that the S S,R, should devote 
more space to articles and sections which are directly connected with school 
, science — that is, articles on methods of teaching and introducing definite 
topics in a Science curriculum, articles on various problems connected with 
laboratory planning and organization, etc. Why not symposiums to which 
several of our leading science teachers, of acknowledged experience, contribute 
their views on such specific questions as “ How and at what pomt do you 
introduce the idea of valency (or potential, or a dozen other equally important 
topics) ” ? Surely such discussions would be of tremendous help to younger 
science teachers, who have taught long enough to realise the art of Science 
Teaching I I wonder how many of you teachers turn first to the ‘‘ Notes ” 
section of the S.S.R. rather than, say, a more theoretical topic such as “ Recent 
Views on Resonance ” or something of that kind ? 

One other point ; is there any way in which a scheme could be devised 
whereby younger science teachers of say 6-8 years’ experience might spend 
a week or fortnight as observers ” in the actual classes and laboratories of 
one of our first-rate teachers ? What keen teacher of Chemistry who is familiar 
with Lecture Experiments in Chemistry ” would not be eager to watch the 
author at his ordinary day-to-day teaching ? Would not such a period be 
of much greater value than attending a short course ? 

Yours faithfully, 

C. W. Othen. 

Ruthin County School, 

N. Wales. 

A Numerical Sequence 
Sir, 

The following arithmetical progression may interest your readers. Some 
may be able to extend it in one or other direction. 

loo B.P centigrade scale 

320 10 g. F.P.S. units 

540 Latent heat steam cals./gm. 

760 S.P. m mms. mercury 
980 g C.G S. units 

Yours faithfully, 

R H. Smith. 

“A Reader’s Queries ” (cf. H. G Andrew, S,S R , 1941, 23 , 117) 

(i) Carbon forms both anions and cations , it is amphoteric A curious 
thing is that carbon anions are more stable when also joined by a triple-bond 
to another atom, as in the examples that follow : 


acetylide ion 

. c=c 


— -f- 

z^ocyanide group 

. C— N— i? 


- + 

carbon monoxide . 

. c~o 

cyanide ion . 

. C^N 


The fulminates are the most unstable compounds of this class : R — O — N^~C. 

If triphenylmethyl, 9?3C, is dissolved m a polar solvent such as sulphur 
dioxide or ether, the following type of reaction occurs : 

4 “ — 

9?3C + Et^O == (p^COEt^ + <p^0 
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Here we have a carhanion^ Ions of this type are usually coloured. Tri- 

phenylmethyl bromide, 9:?3CBr, dissolved in liquid sulphur dioxide at o° C. 
is a better conductor of electricity^ than potassium iodide in this solvent {Walden, 
Ber,, 1902, 35 , 2023). 

When triphenylmethyl chlonde, ^j^sCCl, and silver perchlorate are mixed 
in a solution of benzene and nitrobenzene, triphenylmethyl perchlorate, 
9?3CC104, forms in red ciystals which conduct the electric current in tetra- 

4 - — 

chloroethane. It is therefore the salt (p^Q CIO 4 containing the red carbomum 
ion, tPsO, 

Graphite forms salts with strong acids, e.g , graphite bisulphate. This 
is due to the presence of the so-called mobile electrons in the graphite hexagonal 
lattice of carbon atoms. These confer upon graphite those properties in 
which it resembles a metal. These mobile electrons will be available when 
carbon is used as an electrode, for all “ amorphous ” varieties of carbon are 
essentially graphitic (S. T. Bowden, S.S.R,, 1940, ‘21, 1064). For details 
about the salt-formation of graphite see Trans. Farad. Soc , 1938, 34 , 1011-84. 

I should say that carbon differs from a true metal in not being able to give 
cations by ionization. Copper, for example, can yield cuprous and cupric 10ns, 
and these reactions are reversible (as with all metals), so that we get the 
Cu/Cu+ and Cu/Cu++ reversible electrodes with their corresponding standard 
electrode potentials. As far as I know this is not possible with graphite, and 
so it would be interesting to make some experiments with graphite in a solution 
containing acetylide 10ns, although it might be difficult to find a suitable 
solvent. 

The question raised by Mr Andrew is connected with a well-known 
electrode : the glass electrode discovered by the biologist Cremer in 1906. 
It acts as a very accurate reversible hydrogen electrode from o to 9, appar- 
ently because hydrogen ions are able to migrate through glass. Dengyel and 
Lark-Horovitz have replaced glass by quartz, paraffin, and Acheson graphite, 
and find much the same results as with glass (for graphite, see B. v. Lengyel, 
Zett phhsik Chem , 1931, 154 , 371). 

I think that Mr. Andrew will find that if carbon is regarded as a fairly 
good conductor of electrons it can be compared to any other ‘‘ inert ” electrode, 
such as platinum. 

(2) The three reactions mentioned by Mr. Andrew are certainly of the 
same kind in the sense that hydrolysis of a salt leads to a volatile acid. Even 
assuming the acids to be equally volatile in aqueous solution, there is no reason 
why they should be produced in aqueous solution from salt and water at 
equal rates. The overall rate of a reaction is determined by its slowest stage, 
just as in the production of a commodity in stages the slowest stage will deter- 
mine the rate of production — a well-recognized fact in economics. If the 
rate of the change 

salt 4- water — > alkali 4- acid (dissolved) 

IS slower than 

acid (dissolved) — >■ acid (vapour), 

then the first reaction determines the overall rate. From this point of view 
it can be surmised that the rates of the reactions 

NasCOa + H2O — > zNaOH + CO 2 (dissolved) 
and Na2B407 + 3H2O — zNaBOg + 2H3BO3 (dissolved) 

are slow, whilst 

AICI3 4* sHgO — 5 - A1(0H)3 + 3HCI (dissolved) 

is rapid, 

George Novello Copley. 
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Text’-Book of Physical Chemistry. By Samuel Glasstone, D-Sc., Ph.D. 

(London : Macmillan &: Co., 1940,) Pp. xiii + 1289. Price 425. net. 

This important book, designed to lead the student who has followed a very 
elementary course of general chemistry to a stage at which he can profitably 
read advanced treatises and original literature, is claimed by its author to be 
the first “ complete work of an intermediate character upon Physical 
Chemistry to be published, at least in the English language.’’ In view of 
this, it IS perhaps as well to examine, as far as space permits, the respects in 
which it can be said to differ from other intermediate ” works on the 
subject, of which there are many. 

Briefly, these differences are both intensive and extensive. To take a 
few examples of the former * the study of spectra is carried as far as resultant 
quantum numbers and Russell- Saunders coupling ; statistical methods are 
applied to partition functions, ortho- and para-states, and entropy ; crystal 
analysis includes Fourier synthesis and electron-density diagrams, and an 
account of the Kerr constant and its relation to molecular structure is to be 
found as well as discussion of other physical properties more familiar to the 
average chemist. The book is, however, by no means confined to theoretical 
principles ; an immense amount of interesting detail is to be found in its 
pages. The considerable section on the “ solid state ” — to take one example 
only — ranges through the known structures of the more important inorganic 
cr>’'stals to that of wool, cellulose and rubber, and includes evidence for the 
existence of rotation of 10ns and molecules within the space-lattice. 

Minor criticisms may be advanced here and there ; it might be suggested 
that recent efforts to attack the difficult question of transition from covalent 
to ionic bond type m specific linkages merited fuller treatment, or that Pauling’s 
rules, admittedly empirical, which have been described by W. L Bragg as 
“ the basis of the stereochemistry of minerals,” deserve more than a three- 
line mention ; but perhaps it may be fairly countered that there are limits 
to what can be included in a single volume, and that the copious references 
which have wisely been chosen in preference to numerical problems give ample 
guidance to those who wish to extend their knowledge m a particular direction. 

Emphasis is laid upon the historical approach, though the work of the 
pioneers in atomic weight determinations is not included, and the only allusion 
to Cannizzaro appears to be in relation to “ Kopp’s Law.” Such matters 
are presumably deemed to be part of a “ very elementary ” course. The 
general atmosphere is nevertheless modern ; in the section devoted to electro- 
chemistry, the Debye-Huckel theory is introduced at an early stage, equilibria 
being dealt with in terms of activities, and simpler relationships involving 
concentrations treated as limiting cases of more general equations. In this, 
as in other chapters, Dr. Glasstone may be considered to have justified his 
claim to give the “ modern point of view,” as compared with “ grafting, as 
has so often been done, the more recent concepts upon a background of 
classical ideas.” 

The value of this book would appear to be considerable to those working 
for University degrees ; regarding its position with respect to schools, the 
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following may be said. Its scope and treatment are too ad\’anced for most 
schoolboys, though selected passages might be recommended for scholarship 
and post-scholarship reading. For the teacher it should prove extremely 
useful as a work of reference ; more, however, can be made of it than this. 
Withm the last generation the face of chemistry has altered so profoundly 
that even elementary work is affected. Such changes are mirrored darkly in 
examination papers ; the preparation of Scheele’s green and the lead-chamber 
process tend to give way to electronic theory and the significance of crystal 
structure. Failmg a standing committee of moderators — an expedient of 
dubious possibility and uncertain wisdom — ^increasing demands are made 
upon the learning and discretion of the schoolmaster, whose time and access to 
original papers are alike limited. This ‘ ‘ T ext-book of Physical Chemistry, ^ ’ which 
strikes an admirable balance between fact, theory, and experimental method, 
should both stimulate and sustain those who are tr\dng, wdthin the extent of 
their powers, to solve the twin problems of what to teach and how to teach it. 

A Short History of Science to the Nineteenth Century, By Charles Singer. 

(Oxford : Clarendon Press (Sir Humphrey Milford), 1941.} Pp xiv -f 

400. Price Ss 6 d, net. 

Belief m a rational and universal scheme of cause and effect and the develop- 
ment of modern scientific method, are the two mam themes of this “ History.” 
Attention is confined to those activities which have contributed to the mam 
stream of Western scientific thought, and thus the book opens with the Ionian 
philosophers of the sixth century b c. Dr. Singer is particularly at home in 
his description of Greek science ; he then traces his story through practical 
Rome and theological Middle Ages to Galileo, New^ton and the beginnings 
of modem science. So far (three-fifths of the book) Dr. Singer has been 
completely successful in his bold project of synthesizing the Natural Sciences 
into a coherent whole, but after this the attempt becomes more difficult and 
the subdivisions more obvious. Energy, Atomism, Evolution, these are the 
doctrines Dr. Singer traces side by side to the middle of the nineteenth century. 
We are left with the melancholy thought that scientific knowledge now has 
such detailed complexity that further synthesis of the separate branches is 
a task beyond the powers of any man. However, this is not the author’s 
fault, and he has been successful within most of his time range and nearly 
successful throughout the whole. Nowadays, we are all technicians ; this 
book usefully widens the narrowing horizons of those who learn more and 
more of less and less.” 

There may be a few errors in details (on page 315 occurs the curious 
suggestion that an electric motor needs to be supplied from an induction coil), 
but the book is interesting, readable, scholarly, non-technical and thoroughly 
to be recommended. 

Chemical Species. By Jean Timmermans, translated by Ralph E. Oesper. 

(London : Macmillan Sc Co., 1941.) Pp. viii H- 177. Price 185. net. 

Professor Timmermans has been Director of the International Bureau of 
Physico-Chemical Standards at Brussels since its creation in 1921, and a 
translation of his La Notion d^Espece en Chemie is particularly welcome. The 
book is divided into four parts which provide answers to the following 
questions : ‘M. How may a given physico-chemical system be defined with- 
out ambiguity ^ This is the problem of chemical species. II How may 
such a system be realized ? This is the problem of pure materials. Ill How 
may its constants be measured with precision and exactitude ? IV How 
may the best method of purification and the most probable value of the con- 
stants of pure materials be found m the literature ? ” 
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Apart from its value, not so much as a work of reference but as a guide 
to the subject, the book should be read widely by chemistry teachers, who 
will find here sound reasons for revising many notions, long accepted without 
question from text-books and often in need of fresh definition in the light 
of modem knowledge. The historical introductions to Parts I and II are 
particularly illuminating. 

The translation is good and the book is very readable considering the 
subject. It certainly merits a place in a school science library. Some of the 
labelling of figures (e.g., figs, i and 2) and of tables (e.g., on p. 31) leaves 
something to be desired. 

Elementary Physics and Chemistry for Students of Biology. By E. A. Woodall, 
B.Sc., Ph.D., and E. C. Denne, B.Sc. (London : George G. Harrap 
& Co., Ltd.) Pp. 224. Price 4s. 6d. 

This book contains material for what the authors describe as a General 
Science course for pupils who are taking Biology as their main science subject. 
The term “ General Science ” is rather misleading since the course consists 
almost entirely of Physics. The authors recommend that the course should 
be given in the two years preceding the School Certificate year. While there 
are still many girls’ schools where Biology may be the only science taught, 
it came as a surprise to the reviewer to learn that there are boys’ schools 
where such conditions prevail. 175 of the 208 pages deal with physical prin- 
ciples and their application This section is very well done indeed ; the 
exposition is clear and concise and the many diagrams are excellent, and at 
the end of each chapter the use of the particular physical principle in Biology 
IS discussed. By comparison, the small section dealing with the chemistry 
the authors consider necessary — they believe that much of the chemistry 
needed can be taught satisfactorily m the Biology course proper — ^is less 
satisfactory. The information is scrappy and contains some inaccurate and 
misleading information ; e.g , Most metals will dissolve in acids, forming 
a salt with the evolution of hydrogen ” (p. 200) ; ‘‘ Nitrogen will combine 
with hydrogen if an electric charge is passed through a mixture of the two 
gases ” (p. 206) ; Glycerine neutralizes certain organic acids ” (p. 216). 
The section dealing with hardness of water is limited to two experiments, 
giving the impression that washing soda removes permanent hardness only. 

New Style Tests in Chemistry. By A. C. Cavell, B.Sc., B.A. (London : 
Edward Arnold & Co., 1941.) Pp 48. Price i^. 3d. 

These tests appear to have been carefully selected to cover most of the ground 
to School Certificate stage. They may be answered on plain paper if it is 
not desired to mark the book. The reviewer thinks it an advantage to have 
perforated pages for those desiring them, the pagination being arranged to suit. 

General Science for Colonial Schools. Book III. By F. Daniel, B.Sc. 
(Oxford University Press (Sir Humphrey Milford), 1941.) Pp. x 4 - 296. 
Price 3^. 

This, the third book of the series, contains five chapters dealing with Heat, 
Animal Life, Other Living Things, Light, and Magnetism. The Appendices 
contain adequate suggestions and directions for practical work on Plants and 
Animals. 

The same excellent planning and exposition are to be found in this as 
were evident in the earlier volumes, Mr. Daniel writes clearly and interest- 
ingly ; his text is very well illustrated. His knowledge of science (chemical, 
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physical and biological) is extensi\e, and he has done a great service to 
General Science teaching in applying it so thoroughly in the preparation of 
this series of books. 

Biology in the Making, By Emily E\"Eleth Snyder. (London : IXIcGraw- 
Hill Publishing Company, Ltd., 1940) Pp. xii -r 539. Price 185. 

A BOOK such as this is the result of many months of preliminary^ reference 
work among libraries and manuscripts. That this and the subsequent com- 
pilation have been well done is evident from the very beginning of the book. 

A very instructive and interesting account of the development of biological 
discoveries has been presented, not only as a series of facts, though these are 
there, but as pen pictures of the biologists as real men. The range is large 
and extends from Hippocrates, 460 b.c., right up to the most recent develop- 
ments of the present century. Such a wide scope might 'well have been a 
monotonous series of facts, but the text is eminently readable, and interest 
is maintained throughout by many pictures, both of the scientists themselves 
and of prints indicating the outstanding events of their lives. 

Books for further study are given at the end of each chapter, and at the 
end of the book a Chronological List, a Glossary of the more technical terms, 
a General Bibliography and an Index are all included. 

This is the best book of its kind that has appeared for a very long time 
and It should certainly be on the shelves of every science libraiyL 

Herb Gathering, By Barbara Keen and Jean Arivistrong. (London : 
Brome and Schimmer, 4 Leather Market, London, S E.). Pp. 51. 
Price ()d. 

The war has cut us off from those foreign supplies of medicinal plants from 
which we have been accustomed, in peace time, to extract numerous drugs 
of great utility. Many of these plants grow in profusion in this country, 
and this little book by two experienced herb farmers gives clear directions 
for the collection and preparation of suitable vegetation. 

Food Values in War Tt?ne, By Violet G. Plimmer. (London ; Longmans, 
Green Sc Co., 1941.) Pp. 80. Price is. net 

This helpful and encouraging book embodies a considerable amount of in- 
formation concerning human food requirements under war conditions, new 
emergency sources of vitamins, and simple substitutes for the nutritive essentials 
now sometimes difficult to obtain. Vitamin deficiency, always associated with 
war, is not a grave menace if thought and ingenuity are used in planning 
meals. We advise as many as possible to read this book. 

Aircraft Mathematics. By S. A Walling and J. C. Hill, B.A. (Cambridge 
University Press, 1941.) Pp. 189. Price 2.s gd. 

This little manual of necessary mathematics will be found of great assist- 
ance to A.T.C. cadets and to their instructors, many of whom are faced with 
the problem of devising a course suitable for groups of students of widely 
differing standards of equipment in elementary mathematics. The handbook 
covers the A T.C. syllabus in a very satisfactory manner The presentation 
is clear and to the point, the examples carefully chosen for interest and 
applicability to practical service calculations and the diagrams well drawn. 
Tables of four-figure logarithms and tngohometncal functions are given at 
the end of the book. 
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BOOKS RECEIVED 

The Bases of a World Cojnmonwealth, By C. B. Fawcett, (London : 

Watts & Co., 1941.) Pp. xi + 167. Price 7s. 

Cookery Under Rations, By M, T. E Pearson and M. M. Mitchell. 

(London : Longmans, Green & Co., 1941.) Pp. 69. Price is, net. 
The Science and Practice of Welding. By A. C. Davies, B.Sc., A.M.I.E.E. 

(Cambridge Umversity Press, 1941.) Pp. viii + 436, Price 10s, 6 d net. 
Arithmetic for the Services, By D. B, Peacock, B.A., L.C.P., and W. H. 

Davey, B.Sc. (Cambridge University Press, 1941.) Pp. 96 Price zs. 
Senior Workshop Calculations, By W. A. J Chapman, Ph.D., M.Sc , 
M.I.Mech.E. (London : Edward Arnold & Co , 1941.) Pp. 43a 
Price 105 . 

Algebraic Solid Geometry, By S. L. Green, M.Sc. (Cambridge University 
Press, 1941.) Pp. 132. Price 65. net. 

The A B C of Criminology. By Anita M. Muhl, B Sc,, M.D., Ph.D. (Mel- 
bourne University Press in association with Oxford University Press, 
1941.) Pp. 238. Price 85. 6 d, 

Workshop Ways, By A C. Kelsall, B.Sc., A.M.I.Mech.E., and A. E. 
Morgan. (London : Edward Arnold & Co., 1941.) Pp. 64, Price 
15 . 6 d. net. 
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GENERAL PHYSICS 

By E. NIGHTINGALE, M.Sc., and W. PEARSON, B.Sc. 

Seventh Edition. 7s. / also issued in three sections. 

In this standard book the whole School Certificate course 
IS covered in one inexpensive volume The treatment of the 
subject IS distinguished by all the characteristics which have 
made Mr ISTightingale’s books so widely popular, Very 
comprehensive . . Those m search of a thorough, but 
inexpensive, text-book should have a good look at this one ” 

Scottish Educational Journal 

TEXTBOOK OF LIGHT 

By L. R. MIDDLETON, M.A., B.Sc. Revised Edition, ys. 

In the revised edition both the new sign conventions recom- 
mended in the Report of the Physical Society have been used 
as alternatives to the “ old convention This enhances the 
value of the book, and makes it suitable for use with which- 
ever convention the teacher wishes to adopt. 

A Senior Science JNIaster writes ''It is a long a’ay the best 
advanced school book on optics I cannot imagine its being 
beaten '' 

VOLUMETRIC ANALYSIS 

By G. FOWLES, M.Sc., A.LC. Third Edition. 6s. 

" A great deal of time and thought has been given to the 
production of this book . It is a great advantage to 

schoolmasters to have a book of this kind written by one who 
knows the limitations o± school laboratories . This book 

can be .strongly recommended — scnoon science review 

ORGANIC CHEMISTRY 

By Prof. JOHN READ. Ph.D., Sc.D., F.R.S. 

Sixth Edition 12s. 6 d, net, 

" Prof. Read’s book is well known as one of the best of its 
kind, not merely for the mastery of his subject that the author 
displays, but especially for the cultured elegance of his style. 
In the new edition, the text has been revised and brought 
up to date ” — Journal of Education 

G. BELL & SONS . PORTUGAL STREET . W.C.2 

Facing last page of Text XXVli 



JVEIF STYLE 


EXERCISES IN GENERAL SCIENCE 

By F. R* EL WELL, B.Sc., and 
F. WHITWAM JONES, M*A. 

PART I 64 pp , Limp Covers Is* 4d. 

PART II. 64 pp 5 Limp Covers Is. 4d. 

The pages are perforated for easy removal if so desired 

The exercises afford practice in the new type of question paper set at the 
School Certificate. 

READY SHORTLY 

NEW STYLE 

EXERCISES IN CHEMISTRY 

By T. T. RICHARDS, M.Sc. 

LIMP COVER Is. 4d. 64 PAGES 

AN INTRODUCTION TO 

ORGANIC CHEMISTRY 

By J. W. BAKER, D.Sc., Ph.D.(Lond.), 

A.R.C.S. 

Honorary Reader in Organic Chemistry at the University of Leeds, 
BOUND IN WASHABLE CLOTH 192 PAGES 

3s. Od. 

HIGHER SCHOOL CERTIFICATE 

INORGANIC CHEMISTRY 

By E. J. HOLMYARD, M.A., M.Sc., 
D.Litt., F.I.C. 

CLOTH BOARDS 5 s. 9d.' 544 PAGES 

HIGHER CHEMICAL 
CALCULATIONS 

By A. J. MEE, M.A., B.Sc. 

CLOTHIBOARDS 5 s. Od. 192 PAGES 

\ 

BEDFORD STREET, LONDON, W.C,2 ' 
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JUST PUBLISHED 

AN INTRODUCTION TO 

GENERAL SCIENCE 

By A. SPENCER WHITE, B.Sc. 

Author of General Science Physics, 

General Science Chemistry/’ etc. 

About 150 Diagiams and Illustrations. 

CLOTH BOARDS 2s. 9d, 224 PAGES 

No boy 01* girl should leave school with less scientific knowledge 
than appears in this book. The apparatus described is purposely 
simple. 

READY FEBRUARY 9th 

A NEW SCHEME OF ELEMENTARY 

QUALITATIVE ANALYSIS 

By A. J. MEE, M.A., B.Sc. 

CLOTH BOARDS Is. 9d. 64 PAGES 

The object of the scheme of qualitative analysis presented in this 
booklet IS primarily to dispense with, the use of hydrogen 
sulphide. The disadvantages of hydrogen sulphide as a leagent 
m elementary work are many. The very fact that it is a gas 
makes it difficult for a number of pupils to use it at the same time 
unless there is a lavish supply of generators. It has a very bad 
odour, which even the best fume chambers, and the many 
devices that have been proposed from time to time to avoid it, 
cannot keep under when the number of students worldng is 
large ; and, what is worse, the gas is definitely poisonous — 
more so than is usually realized. One part in 30,000 is said to 
be injurious, and the A.R.P. authorities class it as a poison gas. 

A REVISION NOTEBOOK 
IN CHEMISTRY 

For School Certificate 

By F. F. CROSSLEY, B.Sc. 

LIMP COVER 9d. 32 PAGES 


BEDFORD STREET, LONDON, W.C.2 



Ready Shortly 

SCIENCE AND EDUCATION 

By S* R. HUMBY and E. F. JAMES. 3s. 6d. net 

These experienced authors contend that whereas discoveries by 
scientists are now rapidly changing the social order with their 
contributions of extra-human power, of increased productivity, of 
new products, of jncreased intercommunication, and so on, the 
citizens of this changing world are not taking into account, and are 
not being educated to take into account, the implications for them- 
selves and their society in the scientific revolution now proceeding. 
'' Ignorance of science and lack of a scientific outlook are ividespread 
among the leaders and administrators of the present generation.” 

An artificial barrier has been erected between ' culture ' and 
knowledge of science, and enthusiasm for bettering the lot of mankind 
has too often given place to regret at the passing of the old order ’ ’ 
” We must send out our pupils strong in the confidence that they can 
themselves do something to make the world a better place under 
conditions in which, for the first time in history, man has great 
enough control of material things to bring the good life within the 
reach of all ” This book tackles the very real problem of adapting 
educational methods and ideals to a world where Science must exert 
a rapidly increasing influence 

Now Ready 

EXPERIMENTAL PHYSICAL CHEMISTRY 

By W. G. PALMER. 12s. 6ci. net. 

The originality of the book will be found in the practical way in 
which it is planned throughout Important principles are 
approached by way of the laboratory rather than the lecture room 
Theoretical notes introduce each chapter so that the student may 
have them for reference in the laboratory. Completely worked 
examples are included Detailed instructions for procedure are 
given, and the apparatus is simple enough to be assembled or con- 
structed by the students themselves from ordinary laboratory 
equipment The work recorded has been used for many years in the 
Uni\"ersity Chemical Laboratory at Cambridge 

INTRODUCTION TO THE 

STUDY OF ALGAE 

By V. J. CHAPMAN. 209 diagrams. 18s. net 

A short and relatively elementary text-book on Phycology, suitable 
for University students, and also for those schools that include visits 
to marine biological stations in their curriculum Without being 
too advanced, it surveys the whole field of phycological knowledge, 
not only from the systematic, but also from the physiological and 
ecological standpoints The majority of University students should 
find in this book all that they need to know for a Degree course. 

CAMBRIDGE UNIVERSITY PRESS 

200 EUSTON ROAD, LONDON, N.W.I 
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=JOHN MURRAY=: 

CHEMrSTRY 

H.S.C. Inorganic Chemistry 

Bv G. H. J. ADLAM, O.B.E., M.A.. B.Sc.. Citv of London 
School, and LESLIE SLATER PRICE, M.A.. Bradfield College. 

2nd Edition. 8s. 6d. 

A School Certificate Chemistry 

By G. H. J. ADLAM, O.B.E., M.A., B.Sc. 3rd Impression. 5s. 

Chemistry 

By G. H. J. ADLAM, O.B.E., M.A.. B.Sc. 5th Impression. 4s. 

Physical Chemistry 

By A. SUTCLIFFE, M.A., B.Sc., Head Master, The City School, 
Lincoln. 5th Impression. 6s. 6d. 

Practical Chemistry 

for Advanced Students. By A. SUTCLIFFE, M.A., B.Sc. 
5th Impression. 4s. 9d. 

A Beginner’s Chemistry 

By C* M. JONES, M.A. 2nd Impression. 2s. 3d. 

BIOLOGY 


Biological Drawings with Notes 

By MAUD JEPSON, M.Sc., Greek Street High School, Stockport. 
4th Impression. Two Parts, 2s. 6d. each. Complete 6s. 

Fundamentals of Biology 

By J. W. STORK, M.A., and Prof. L. P. W. RENOUF, B.A., 

D.Sc. 8th Printing. 6s. 6d. 

Junior Biology 

By J. W. STORK, M.A., and Prof. L. P. W. RENOUF, B.A., 

D.Sc. 4th Printing. 2s. 9d. 

Plant and Animal Ecology 

By J. W. STORK, M.A., and Prof. L. P. W. RENOUF, B.A., 

D.Sc. 2nd Printing. 5s. 6d. 

ALBEMARLE STREET, LONDON, W.l 



LONGMANS 


A TEXT-BOOK OF QUANTITATIVE 

INORGANIC ANALYSIS: 

Theory and Practice. 

By ARTHUR I. VOGEL. D.Sc., D.I.C., F.I.C. 20s. 

“The author has aimed to provide a complete and up-to-date 
text of the theory and practice of quantitative analysis ; simple 
and detailed enough for the elementary student, yet comprehen- 
sive enough for the advanced student or practical analyst. In his 
point of view, choice of material and style he has succeeded 
admirably in his task. . . . This book should find a place in any 
but the briefest elementary course, and serve for much subse- 
quent advanced work.**— Journa/ of Chemical Education, 

A TEXT-BOOK OF QUALITATIVE 

CHEMICAL ANALYSIS 

By ARTHUR I. VOGEL. D.Sc.. D.I.C.. F.I.C. 

Second Edition, Revised and Enlarged. I Os. 6d. 

New Features include : — 

1. Technique of Micro-Qualitative Analysis Including Spot 
Analysis. 2. Selected Spot Tests for Most Radicals (many of the 
recommendations of the “ International Committee on New 
Analytical Reactions and Reagents ** of the “ Union Internationale 
de Chimie ’* (1938) have been adopted). 3. The Chapter on the 
reactions of the “ rarer ** elements has been considerably 
enlarged and now includes thallic, thallium and zirconium. 

4. Group separation tables incorporating the “ rarer ** elements. 

5. Discussion of the colloidal state. 6. The zirconium phosphate 
method for phosphate separations 7 The hydriodic acid 
method for insoluble substances. 


A TEXT-BOOK ON LIGHT 

By A. W. BARTON. M.A.. Ph.D. 

A companion to the famous Text-Book on Heat. 9s. 

“The ground covered is that needed for Higher Certificate and 
Pass Degree examinations. The subject is clearly treated and 
the essentially changing nature of scientific theory is indicated 
The discussion of the theory of light is ably done.*’ 

The Schoolmaster. 


LONGMANS, GREEN & Co., Ltd., 43 Albert Drive. London, S.W.19 
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LONGMANS 

ELEMENTARY 

GENERAL SCIENCE. Book III 

Edited by J. M. HARRISON, M.A. 

This is the final section of the course. It covers the syllabuses 
in General Science in all the School Certificate bodies. 

5s. 

MATHEMATICS 
For TECHNICAL STUDENTS 

Part III 

By A. GEARY. M.A.. M.Sc., H. V. LOWRY, M.A., and 
H. A. HAYDEN, D.Sc , M.Sc. 8s. 

INTERMEDIATE 
INORGANIC CHEMISTRY 

By J. W. MELLOR, D.Sc., F.R.S. 

New Edition, Revised and Brought Up-to-date by 
H. IRVING, D.Phtl. With 205 Illustrations and 48 Tables. 9s. 

INTRODUCTION TO 

PHYSICAL CHEMISTRY 

By PROF. ALEXANDER FINDLAY, D.Sc., F.i.G. 

New Edition Revised. 1 5s. net. 

A companion volume to the author’s well-known “ Practical 
Physical Chemistry.” It will meet adequately the requirements 
of ordinary B.Sc. students, 

TABLES OF PHYSICAL AND 
CHEMICAL CONSTANTS 

By G. W. C. KAYE, D.Sc., and Prof. T. H. LABY, D.Sc., F.R.S. 
Ninth Edition, Revised and Brought Up-to-date. 18s. net. 

A collection of the more reliable and recent determinations of 
some of the important physical and chemical constants. 


LONGMANS, GREEN & Co., Ltd., 49 Albert Drive, London, S.W.19 
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MACMILLAN BOOKS 

A Text-Book of Electricity 
and Magnetism 

By G. R. Noakes, M,A,, A, Inst. P. 

Senior Science Master , Giggleswick School 

Mr, Noakes provides in this book for the needs of Higher School Certificate 
and University Scholarship students, and indeed in some places goes beyond 
their requirements. A high standard has been aimed at, but more advanced 
arguments are indicated in the text. Modern views on nuclear physics, 
magnetic theory and terrestrial magnetism are summarized and there is an 
introductory account of spectral theory. Representative examination questions 
are provided. The book is a companion volume to Mr. Noakes’ Text-book 
of Light.” 513 pages. Ss. 6 d. 

Text-Book of Physical Chemistry 

By Samuel Glas stone, D.Sc., Ph.D. 

Frick Chemical laboratory, Princeton University 

Before going to Princeton University in 1939, Dr. Glasstone was lecturer in 
physical chemistry in the University of Sheffield, where he established a repu- 
tation as a teacher and research worker. In the present substantial volume, he 
gives the modern point of view in physical chemistry starting from atomic 
structure. 1289 pages. 421*. net. 



Plant Science Formulae 

By Prof. jR. C. McLean, M.A., D.Sc., F.L.S. and W* R. Ivimey Cook, 

B.Sc., Ph.D., F.L.S. 

University College, Cardiff. 

The sub-title of this book, A Reference Book for Plant Science Laboratories 
(including Bacteriology),” adequately describes its purpose. It is a unique 
practical guide for all botanical laboratory preparations, dealing with stains, 
museum specimens, fixations, etc. It should be indispensable for teachers of 
botany. 204 pages, yj*. 6 d. net. 


MACMILLAN & CO. LTD., St. Martin’s Street, London, W.C.2 


XXXIV 




Recently Published 

CHEMISTRY FOR SCHOOLS— PART I. 

By C. JENKINS, M.A., and E. H. FOINETTE, B.A. 

Fills the need many teachers have felt for a simple book for beginners 
m this subject. 

Crown 8vo, 70 illustrations. 3 6 

New Editions 

SHERWOOD TAYLOR’S 

INORGANIC AND THEORETICAL 
CHEMISTRY 

The sixth edition of this standard work. 

STILL 12 6 

WHEELER’S 

INTERMEDIATE BIOLOGY 

A second edition with many new illustrations by Miss Maud jepson. 

STILL 15/- 

Coming Shortly 

RADIO: THEORY AND PRACTICE 

By H. G. Mitchell. 

A radio specialist in the RAF. writes a practical textbook of great value 
to candidates for this branch of the Service 

AN EXPERIMENTAL HUMAN BIOLOGY 

By CYRIL BIBBY, M.A., M.Sc., F.L.S. 

A refreshing book in which the author introduces first-year pupils to 
biology in its relation to human life 


HEINEMANN 

99, Great Russell Street, LONDON, W.C.I 
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Something new in Physics Texts 

Everyday 

Electricity and Magnetism 

By A. C. PENNEY, M.Sc, 

Science Master, County School for Boys, Gravesend 
248 pages, 154 illustrations. 4s. 6d. 

Thife highly original text-book is ready at last, and in ample quantities Its teaching 
IS based upon descriptions of really modern electrical apparatus, fioni automatic 
telephones and talkies to the grid and electrical landing devices It is adequate for 
School Certificate General Science or Physics-with-Chemistry papers, and even where 
not used in class will be invaluable for refeience 

5 Some Elementary Science Books 

STUBBS’S JUNIOR CHEMISTRY 

IS a two-year beginner's course corresponding to Allanson’s Junior Physics 
“ The author is probably justified in hoping that ‘ even the youngest pupil will 
find the book interesting ' — Times Educational Supplement 3s. 3d. 

ALLANSON’S JUNIOR PHYSICS 

a new course for the first two years' work, either in Physics or General Science, 
IS experimental in treatment, assumes a reasonable knowledge of everyday 
apparatus, is particularly -well illustrated, and includes exercises. 3s, 3d. 

COCHRANE’S SCIENCE FOR BEGINNERS 

covers Physics and Chemistry, for classes where the two subjects are taken together. 

2s. 9d. 


FIELD’S ELEMENTARY GENERAL SCIENCE 

ably correlates the various aspects in two books (3s. and 3s. 6d.), for first and 
second years respectively His arrangement," said Nature, " is interesting and 
many of his ideas are novel Most of the biological work he suggests could be 
done in a suburban garden " 

GAPP’S INTRODUCTORY GENERAL SCIENCE 

IS based on easy experiments with simple apparatus and includes Physics, 
Chemistry, Botany and Biology 2s. 9d. 


SCARR’S SCIENCE IN COMMON THINGS 

a series of three reading books, is intended to accompany dcmonstiations by the 
teacher where only simple apparatus for this purpose is available Book I 
Air, Water, Heat, Light, •2s. 6d. Book II: Life, Food, Health 2s. 3d. 
Book III : Machines, Engines, Sound, Electricity 2s. 6d. 

A SCHOOL HISTORY OF SCIENCE 

by J. A. Cochrane, should be in every science library Illustrated 2s. 9d. 


©LONDON^ 


EDWARD ARNOLD && 
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OXFORD AIR TRAINING MANUALS 

This IS a new senes which will be tound useful both b} members of the 
Air Training Corps and b\ \oung aircraftmen in the early stages of 
training in the R.A F So far three \olumes are m preparation 

Weather 

An Introductoiy Meteorology By Lt W G Ken'drew, R N V R , Reader 
in Climatology,’ in the Unnersity of Oxford Pp 96. Limp cloth, zs net 
The author, who will be known for his larger books, Climate and The 
Climates of the Continents^ deals with The Atmosphere, Temperature, The 
Water Vapour in the Atmosphere, Barometric Pressure, Winds, Vertical 
Movements of the Atmosphere, Temperature Changes in Air due to Ascent 
and Descent, Turbulence, Clouds, Visibility, The Pressure Sj^stems in the 
Westerlies, Air Masses, The Structure of Depressions and Fronts, The 
Movement of Depressions and Fronts, Anticyclones, The Synoptic Chart, 
Forecasting 

How Aeroplanes Fly 

By W O Manning, F R AeS , author of Flight Handbook Pp. 96 zs. net. 

Mr Manning has sections on The Atmosphere, Aeroplanes and their 
Wings, Aeroplanes and their Controls, Airscrews, Engines, Types of 
Aeroplanes. 

Navigation 

By J C Kingsland and B. Seager, Assistant Masters at Beckenham and 
Penge County School for Boys Mr Seager is an ex-Sergeant Navigator 
of the RAF 

A BOOK OF COMMON FLOWERS 

By ROSE BRACHER, Ph D. Illustrated by DOROTHY BROMBY 
Cloth hoards^ zs. ; limp clothy is. gd. Also in The Chameleon 

Books^ zs. net 

This book describes over a hundred of our more common wnld flow’ers, as 
they are found in their natural communities. There are the woodland 
plants, most ot wLich flow'er in the spring, which need rich soil , the 
fiow'ers that crowed on the hedgerow^ , those that thrive on marshy ground 
or grow^ m fresh w^ater , and the tough sturdy plants to be found on our 
wnndy heaths and moors Then some of the flowers and grasses which 
grow m our meadows and open grasslands are described ; and later the 
plants which we are likely to find by the seashore Finally the author has 
mentioned some of the plants wLich town-dw^ellers are most likely to come 
across in their streets and waste-places 

A BOOK OF COMMON INSECTS 

Written and illustrated by EDMUND SANDARS 
Cloth hoards^ zs. ; limp cloth., is. gd. Also in The Chameleon 

Books, zs. net 

The author has not attempted to begin to describe the 12,000 different kinds 
of insects in Great Britain but has chosen the more common insects and 
grouped them under their trades ” There are the Wood-Borers, such as 
the Stag-Beetles , the Grave-Diggers, such as the Burying Beetles , the 
Dustmen, the Beauties, the Flower Fertilizers, the Insect Eaters, etc Each 
section tells the story and describes the habits of one insect, and ends wHth 
a note of some of the others which practise the same profession. 

OXFORD UNIVERSITY PRESS 

Southfield House Oxford 
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SCIENTIFIC BOOKS 

Messrs. H, K. Lewis & Co. Ltd. have a large stock 
of new and secondhand books on Physics, Chemistry, 
Biology, and all branches of Pure and Applied Science. 

Lists and notices of new books post free on 
application. When writing please state interests. 
Foreign Books obtained under Licence. 


SCIENTIFIC 

LENDING LIBRARY 

The Lending Library covers a wide range of subjects. 

It IS invaluable to Students, Teachers, and Research Workers. 
Annual Subscription, Town or Country, from One Guinea. 

Full prospectus post free on application. 

Please address all enquiries to : ['Phone . EUSton 4282 

H. K. LEWIS & Co. LTD. 

136 GOWER STREET, LONDON, W.C.I 
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THE STUDY OF LIVING THINGS ! 

By H. W. Ballance, B A., King Edward School, Birmingham 
A beginners’ course m Biology — in three books. Books I and 11 are ready I 

“ Excellent and can be recommended to all schools. It is written in a * 

manner that should encourage pupils to read and reason things out for , 
themselves ” — Times Educational Supplement. 

3s. each 

EVERYDAY SCIENCE TOPICS-I, II, III 

By T A. Tweddle, Gladstone Street Senior School, Darlington 

A Science course for middle forms and Senior Schools Pupils learn by 
performing interesting exercises related to everyday processes — the 
generation of Electricity, the manufacture of Coal Gas, \Vater Supply, etc. 

I— 2s. 3d. ^ II— 2s- 9d. Ill — Ready shortly. 

ELEMENTARY PHYSICS AND CHEMISTRY 
for Students of Biology 

By E. A. Woodall, B.Sc., Ph.D., and E. C. Denne, B Sc., 

Dame Alice Owens School 

Provides the essential groundwork in these subjects for those who take 
Biology as their School Certificate science. Covers a two-year course 
prior to School Certificate. 

“ We welcome this book and earnestly recommend it to the notice of j 

teacher..”-B,o/ogy 4s. 6d. ^^2 High Holborn 

London W.C.I 
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ASSOCIATION OF WOMEN SCIENCE 

TEACHERS 

OFFICERS FOR 1942. 


President : 

Dr. M. DAWSON. 

Vice-President : 

Miss D. BAILEY. 

Hon. Treasurer : 

Miss A. B. BAILLIE, Wycombe Abbey School, High Wycombe, Bucks. 

Hon. Generad Secretary : 

Miss P. M, TAYLOR, High School for Girls, Southend-on-Sea, at 
Queen Elizabeth’s Grammar School, Mansfield, Notts. 

Hon. Meetings and Membership Secretary: 

Miss M. W. SUTTON, St. Martin’s High School, at Leatherhead Institute. 

Hon. Report Secretary: 

Miss N. M. WHITWORTH, Southampton Girls' Grammar School, at 
Bournemouth School for Girls. 

Committee : 

Miss M. E. BIRT. Miss A. V. CRAWLEY. 

Miss W. M. CASSWELL. Miss E. E. M. HIGGINS. 

Miss N. G. MULLIGAN. 


Branch Representatives : 


London 

North Western 
North Eastern 
Midiand 

Welsh 

Northern 

Cambridge and District 


Miss F. S. COOK. 

Miss D. M. SCOTT- 
Miss DU CANE. 

Miss C. P. JONES. 

Miss M- E. CHAPMAN. 
Miss E. BIGGS. 

Dr. GLADWELL. 


M«mbersMp of Association is open to any woman wEo holds or has held 
the post of Science I-ectiirer ox Science Teacher m. any College or SchooL 

The annual subscription is Tbb Seexli^ngs. Application for membership 
should be made to the Membership Secretary. Members receive the ScHOon 
ScnsKcn Rkvibw, which is published in November, February, and June, and 
all publications of the Association. 



